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10.

MnOyj : oxidation state of Mn = +7; Group No.=7
Cr042': oxidation state of Cr = +6; Group No. = 6

E.C. of transition elements (n — l)dl'lonsl'2

In transition element ultimate as well as penultimate orbit is incompletely filled whereas in representative

element only ultimate orbit is incompletely filled.

In lanthanoids the most predominant and stable O.S is +3. For certain elements +2, + 3 also exist.

Transition elements are able to form interstitial compounds when small atoms like H, C, or N are trapped
inside the crystal lattice of metals. Due to similar size with these elements transition elements form

interstitial compounds.

The transition elements have a tendency to show variable oxidation state because of penultimate d-
electrons to enter into chemical bond formation in addition to ns electrons as the energy of (n-1)d and ns

orbitals are comparable.

Lawrencium [Lr] is last element of actinoids

Lr = 51464782

103
(i) cr3t — - 3a3 (ii) Pm3  — 5 4f*

(iii) Cut ——» 3d%° (iv) Ce** — 5 4f%(Ce - 4f3 5d2 6s2)

V) Co%* — 3d” (vi) LuZt —— 4fl45d!

(vii) Mn?"— 3d® (viii) Th* —— 6d°7s®(Th ——> 6d27s?)

MnZ2*(3d%) having half - filled stable configuration than Fe2*(3d°).

The transition elements are able to form alloy i.e. homogeneous mixture of two or more metal atoms
because of their similar radii. Due to similar radii they are able to mutually substitute one another in
their crystalline lattice.

MISCH METAL : It is an alloys of lanthanoid metal (= 95%) and iron (5%) with traces of S, C, Ca and Al

It is used in Mg-based alloy to produce bullets, shell and lighter flint.

The gradual and steady decrease in atomic/ionic radii along the lanthanoid series i.e. from La to Lu is
called Lanthanoid contraction. It can be explained on the basis of poor shielding effect of f-orbitals due to
which the effective nuclear charge increases regularly and hence size decreases regularly.

Consequences of Lanthanoid Contraction :

Due to lanthanoid contraction 27, 3 T.S exhibit similar atomic radius
gnd Zr Nb
Series
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same size
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11. A transition element is defined as the one which has incompletely filled d-orbitals in its ground state or in
any one of its oxidation state.
Zn, Cd, Hg are not regarded as transition elements because they have fully - filled d'° configuration in

ground state as well as in their most stable oxidation state.

12. (i) Due to presence of unpaired electrons
(ii) Due to high interatomic attraction
(iii) Transition elements are coloured because when an electron from a lower energy d-orbital is

excited to a higher energy d-orbitals with the d sub-shell then the energy of excitation lies in the
visible region and the corresponding complementary colour is observed.
(iv) The transition element shows catalytic activity which can be attributed to their ability to show

variable oxidation state and their tendency to form complexes.

13. The inner transition elements are those in which the last electron enter f-subshells. The f-block elements
are known as the inner transition elements in which the 4f and 5f orbitals are progressively filled.
Elements having atomic number 59, 95 and 102 are inner transition elements.

14. The stable oxidation states are predicted on the basis of electronic configuration. Up to Mn, the max. O.S.
of stability correspond to sum of S & and d-electrons. After Mn, there is decrease in the stability of higher
oxidation states.

(i) 3d3 : Stable oxidation state will be +5 due to outer electronic configuration 3d34s?
(ii) 3d° : Stable oxidation state will be +7 due to outer electronic configuration 3d54s2
(iii) 3d® : Stable oxidation state will be +2 due to outer electronic configuration 3d84s2
(iv) 3d% : Stable oxidation state will be +6 due to outer electronic configuration 3d%4s>
> Though a4 species does not exist but as it is given it must be chromium (Cr)
15. Preparation of potassium dichromate
Step-I : 4FeCr,0, +8Na,CO5 + 70, —> 8Na,CrO,+2Fe,04 +8CO,
(yellow)
Step-1I : 2Na,CrO, + 2H" —— NayCryO; +2Na™ + HyO
chromate Dichromate
(yellow) (Orange)
Step-III N Na2Cr2O7 +2KCl —— K2Cr207 + 2NaCl
(Orange crystals)
- Chromate and dichromate ions are inter convertible depending upon the pH of the solution
(a) In acidic solution 2CrO%~ + 2H" —— Cr,02 + Hy,O
(yellow) (Orange)
(b) In basic solution Cr2O%' +20H —— ZCrOZ' +HyO
(Orange) (yellow)

16. The ions which have incompletely filled d-orbitals will be coloured and those with fully filled or empty d-

orbitals will be colourless.
Ti%*, v3*, Mn2*, Fe3*, Co?* are coloured because they have incompletely filled d-orbitals.

d%d'® will be colourless.
Ti%* — > 3d! v 5342

Cut——3d'° ; Sedt 5 3d°
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Mn%* — 3d° ; Fe*— 5 3d° Co%* — 3d”
17. The actinoids show a wider range of O.S. which is partly attributed to the fact that the 5f, 6d and 7s
levels are of comparable energies. The actinoids show in general +3 oxidation state.
18.  Ce(Z =58): [Xe]4f'5d' 65>
ce®* : af!
No. of unpaired electrons = 1

s =ynm+2) = /11+2) =3 =1.73BM

19. Promethium (Pm) Z =61 : [Xe]5f26d!7s?
Protactinium(Pa) Z =91 : [Rn]5f 264752
Mandelevium (Md) Z = 101 : [Rn]5f137s2
Z =109 : [Rn]5f46c7 752
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Note : Water (H20) forms high spin or outer orbital complexes.
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(i) Tio (tzg)2 } (2 unpaired electrons)

i Vi } 3 unpaired electrons)

i) Cr ()

(
(3 unpaired electrons)
(

(iv) Mrj2| 1 () ’ (eg)2 } 5 unpaired electrons)
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21.

22,

23.
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(v) Fc:. : (t}_}d (e, ;: (4 unpaired electrons)

(vi) Fe' {l;u}F {cxiz (5 unpaired electrons)

(vii) ['L::' - {t_\b_}'< (e,) (3 unpaired electrons)

QOO
, OO0

(viii) Ni: “:anu]_ (2 unpaired electrons)

OO®
OO

(ix) fuc' z [1:,:,)[. u:!;[l @ @ @ {1 unpaired electrons)
K,Cr,0; is a very good oxidizing agent in acidic medium and is reduced to Cr3*.
Cr,02” +14H" + 66" —> Cr°* + 7H,0
It oxidizes iodides to iodine, sulphides to sulphur, ferrous to ferric
6l —— 3I, + 6e~
3H,S —— 6H" +3S +6e”
6Fe?t —  6Fe3" +6e”

Preparation of KMnOy,.

Step-I : 2MnO, +4KOH + Oy —— 2K,MnO,4 +2H,0

potassium manganate
green

Step-II : 3MnO?~ +4H" ——»2MnOj + MnO, +2H,0

permagnate
purple

Oxidizing property
(i) Iodide is oxidized to iodine 101" + 2MnOjz + 6H" ——> 2Mn?* + 8H,0 + 5I,
(i) Sulpher dioxide to sulphate 2H,0 + 5S04 + 2MnO; ——> 5S03~ + 2Mn?" + 4H*

(iii) Oxalate or oxalic acid is oxidized to CO,.

5C,03 +2MnO3 +16H" —— 2Mn?* + 8H,0 +10CO,

(a) E® values for Cr3*/cr?* is negative (-0.41v) and for Mn3t /Mn?* is positive (+1.57v). Thus,

Ccr?* can undergo oxidation and therefore, is reducing agent. On the other hand, Mn (II) can
undergo reduction, and therefore, acts as an oxidsing agent.
(b) In the presence of complexing agents, cobalt gets oxidised from +2 to + 3 state because Co (IIl) is

more stable than Co(II).
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(c) After loss of ns €.s,d! electron can easily be lost to give a stable configuration. Therefore, the

elements having d! configuration are either reducing or undergo disproportionation.
24. A reaction in which same atom is oxidised and reduced at the same time is called as the

disproportionation reaction.

Example :
@ 3CrO§ +8H' —— 2Cro™ +Cr®* + 4H,0
(3] 3MnO3~ + 4H" —— 2MnOj + MnO, + 2H,0

25. Mn?* has Mn?" has 4s°3d® electronic configuration p = yn(n+2) =41x3 =1.732 BM.

K4 [Mn(CN)g] is low spin complex with one unpaired electron.

Mn?* is (tzg)b @@ @ [either there can be 1 unpaired electron or 3 or 5
if n=1, p=1.73
n=3, p=3.9

So, the nearest possible value is 1.73]

[Fe(Hy0)g?t; Fe?*: 4s°3d®, n =4 x6 =24 =4.9BM.

Fe*' is (t,2)* (eg)’ %gg%
1'2‘E

It has four unpaired electrons because H,0 is weak field ligand. It is high spin complex.

In Ko[MnCls], Mn?* has 5 unpaired electrons, p=+/5x7 =35 = 5.9B.M.
o e DD
Y < oom

It is because Cl™ is weak field ligand therefore, it is high spin complex.
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