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Silver atom has completely filled d-orbitals 4d") in its ground state. How can you say that it is a
transition element?
Silver (Z = 47) can exhibit +2 oxidation state wherein it will have incompletely filled d-orbitals (4d), hence
a transition element.
In the series Sc (Z = 21) to Zn (£ = 30), the enthalpy of atomisation of zinc is the lowest, ie.,
126 kJ mol™. Why?
In the formation of metallic bonds, no electrons from 3d-orbitals are involved in case of zinc, while in all
other metals of the 3d series, electrons from the d-orbitals are always involved in the formation of metallic
bonds. That is why, the enthalpy of atomisation of zinc is the lowest in the series.
Which of the 3d series of the transition metals exhibits the largest number of oxidation states and why?
Manganese (£ = 25), as it has the maximum number of unpaired electrons in d-subshell. Thus, it shows
oxidation states from +2 to +7 (+2, +3, +4, +5, +6 and +7) which is the maximum number.
The E° (M**/M) value for copper is positive (+0.34 V). What is possible reason for this?
(Hint: Consider its high A, H® and low A, , H°)
E° {MZJ'.'M) for any metal is related to the sum of the enthalpy change taking place in the following steps:

M(s)+ A, H —— Mig). (A, H = Enthalpy of atomisation)

M(g) + AL H —— M>(g), (A; H = lonisation enthalpy)

M¥(g)+ag —— M™(aq) + ApH, (A, H = Hydration enthalpy)
Copper has high enthalpy of ionisation and relatively low enthalpy of hydration. So, E(Cu’* 1cx) is positive.
The high energy to transform Cus) to Cu**(ag) is not balanced by its hydration enthalpy.
How would you account for the irregular variation of ionisation enthalpies (first and second) in first
series of the transition elements?
Irregular variation of ionisation enthalpies is mainly attributed to varying degree of stability of different
3d configuration (e.g., d®,d?,d" are exceptionally stable).
Why is the highest oxidation state of a metal exhibited in its oxide or fluoride only?
Due to small size and high electronegativity, oxygen or fluorine can oxidise a metal to its highest oxidation
state. As a result of this they can oxidise a metal to its highest oxidation state.
Which is a stronger reducing agent— Cr* or Fe** and why? [HOTS]
Cr** is a stronger reducing agent than Fe’* because after the loss of one electron Cr** becomes Cr** which
has more stable :323 (half-filled) configuration in a medium like water.
Calculate the ‘spin only* magnetic moment of M**(ag) ion (Z = 27).

OR

Calculate the spin-only magnetic moment of Co*'(Z=27) by writing the electronic configuration of Co
and Co®*. [CBSE 2020 (56/1/1)]
Electronic configuration of M atom with Z = 27 is [Ar] 3d 7457,

Electronic configuration of M** = [Ar] 34, i.e., 11 “

Hence, it has three unpaired electrons.
Spin only magnetic moment (p) = \/n(n +2) BM

= J3(3+2) BM=+15BM = 3.87 BM

Explain why Cu* ion is not stable in aqueous solutions? [HOTS]
In aqueous solution Cu® undergoes disproportionation to form a more stable Cu* ion

200" (ag) —— Cu®*(ag) + Cu(s)
The higher stability of Cu® in aqueous solution may be attributed to its greater negative Ahydﬂ" than that
of Cu”. It compensates the second ionisation enthalpy of Cu involved in the formation of Cu™ ions.
Actinoid contraction is greater from element to element than lanthanoid contraction. Why?
This is because the 5f electrons themselves provide poor shielding from element to element in the series.
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Q. 1. Write down the electronic configuration of

i cr* (ii) Cu* (iii) Co™ (iv) Mn®* () Pm*™
(vi) Ce* (vii) Lu®* (viii) Th**
Ans. (i) Cr* =[Ar] 34° (i) Cu* =[Ar] 34"
(i) Co®* =[Ar] 3d” (iv) Mn®" = [Ar] 3d°
(v) Pm* = [Xe] 47* (vi) Ce*" = [Xe]
(vif) Lu®* = [Xe] 4f ™ 54! (viii) Th* =[Rn]

Q.2. Why are Mn™* compounds more stable than Fe** compounds towards oxidation to their +3 state?

Ans. Electronic configuration of Mn®* is 3d° which is half-filled and hence stable. So, 3rd ionisation enthalpy is
very high, i.e., 3rd electron cannot be easily lost. In case of Fe™, electronic configuration is 3d®. Thus, it
can lose one electron easily to give the stable configuration 3.

Q. 3. Explain briefly how +2 state becomes more and more stable in the first half of the first row transition
elements with increasing atomic number?

Ans. As the atomic number increases from 21 to 25, the number of electrons in the 3d-orbital also increases from
1 10 5. +2 oxidation state is attained by the loss of the two 4s electrons by these metals. Sc does not exhibit
+2 oxidation state. As the number of d- electrons in +2 state increases from Ti to Mn, the stability of +2
state increases (d-orbital gradually becoming half filled). Mn(+2) has d° electrons which is highly stable.

Q.4. To what extent do the electronic configurations decide the stability of oxidation states in the first
series of the transition elements? Illustrate your answer with example.

Ans. The stability of oxidation states in the first series of the transition elements are related to their electronic

configurations.
The first five elements of the first transition series up to Mn in which the 3d-subshell is not more than
half-filled, the minimum oxidation state is given by the number of electrons in the outer s-subshell and the
maximum oxidation state is given by the sum of the outer s and d-electrons. For example, Sc does not
show +2 oxidation state. Its electronic configuration is 34 '4s”. It loses all the three electrons to form
§c*. 43 oxidation state is very stable as by losing all three electrons, it attains the stable configuration of
Argon. For Mn, +2 oxidation state is very stable, as after losing two 4s electrons, the d-orbitals become
half-filled.

Q.5. What may be the stable oxidation state of the transition element with the following d-electron
configuration in the ground state of their atoms?

3d*,34%,3d" and 3d*

Ans. Stable oxidation states:

343 (vanadium): +2, +3, +4, +5 3d® (chromium): +3, +4, +6
3d” (manganese): +2, +4, 46, +7 3d® (nickel): +2, +4
3d*: There is no d* configuration in the ground state.

Q. 6. Name the oxo-metal anions of the first series of the transition metals in which the metal exhibits the
oxidation state equal to its group number.

Ans. Crgojz' and CrOf' (group no. = oxidation state of Cr = 6)

MnOj (group no. = oxidation state of Mn = 7)
Vanadate: VO3 (group no. = oxidation state of V = 5)

Q.7. What is lanthanoid contraction? What are the consequences of lanthaneid contraction?
Ans. Refer to Points to remember 5 (v).
The consequences of lanthanoid contraction are as follows:
() The properties of second and third transition series are similar.
(ii) Basic strength decreases from La(OH), to Lu(OH),.
(i) Lanthanide contraction makes separation of lanthanoids possible.
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‘What are the characteristics of the transition elements and why are they called transition elements?
Which of the d-block elements may not be regarded as the transition elements?

Characteristics of the transition elements: Refer to Points to remember 3.

The d-block elements are called transition elements because these elements represent change (or
transition) in properties from the most electropositive s-block elements to the least electropositive
p-block elements.

The electronic configuration of Zn, Cd and Hg are represented by the general formula (2 — 1) @' ns®. 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.

In what way is the electronic configuration of transition elements different from that of the non-
transition elements?

Transition elements contain incompletely filled d-subshell, i.e., their electronic configuration is
(n—1) d' =% ns' =2 whereas non-transition elements have no d-subshell or their subshell is completely
filled and have ns' =2 or ns” np’ =% in their outermost shell.

What are the different oxidation states exhibited by lanthanoids?
+2, 43 and +4 (+3 being most common).

Explain giving reasons:
(i) Transition metals and many of their compounds show paramagnetic behaviour.

(ii) The enthalpies of atomisation of the transition metals are high.

(#ii) The transition metals generally form coloured compounds.

(iv) Transition metals and their many compounds act as good catalyst.

(i) Refer to Points to remember 3(k).

(i) The transition elements exhibit high enthalpy of atomisation because they have large number of
unpaired electrons in their atoms. Due to this they have stronger interatomic interaction.

(iii) Refer to Points to remember 3(k).

(iv) The transition metals and their compounds are known for their catalytic activity. This activity is
due to their ability to adopt multiple oxidation states and to form complexes. Vanadium oxide (in
Contact Process), finely divided iron (in Haber’s Process), and nickel (in catalytic hydrogenation)
are some examples to mention. 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 34 and
45 electrons for bonding). 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, since the transition metal ions can change their oxidation states, they become more
effective as catalysts. For example, iron(11l) catalyses the reaction between iodide and persulphate ions.

207+ 8,07 —— 1,+280)

An explanation of this catalytic action is given as under:
2Fe™ + 217 —— 2Fe™ 4+ 1,
e + 8,05 —— 25 + 2807

What are interstitial compounds? Why are such compounds well known for transition metals?
Interstitial compounds are those in which small atoms occupy the interstitial sites in the crystal lattice.
Interstitial compounds are well known for transition metals because small-sized atoms of H, B, C, N, etc.,
can easily occupy positions in the voids present in the crystal lattices of transition metals.
How is the variability in oxidation states of transition metals different from that of the non transition
metals? Illustrate with examples.
The oxidation states of transition elements differ from each other by unity e.g., Fe?* and Fe**, Cu* and Cu®*
(due to incomplete filling of d-orbitals) whereas oxidation states of non-transition elements normally differ
by two units e.g., Pb** and Pb4+, Sn* and Sn‘“, efc.
Describe the preparation of potassium dichromate from iron chromite ore. What is the effect of

increasing pH on a solution of potassium dichromate?
For preparation of potassium dichromate from iron chromite ore refer to Points to remember 4(a).
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In aqueous solution, dichromate and chromate ions exist in equilibrium. On increasing the pH, ie., on
making the solution alkaline, dichromate ions (orange coloured) are converted into chromate ions and thus,
the solution turns yellow.
Describe the oxidising action of potassium dichromate and write the ionic equations for its reaction
with (i) iodide (ii) iron (II) selution (ii{) H,S.

(i) Cry0F + 14H" + 61- —— 2Cr* + TH,0 + 31,

(i) Cry03 + 14H" + 6Fe® —— 2Cr** + TH,0 + 6Fe™*
(iiiy Cr,03 + 8H' + 3H,S —— 2Cr™ + 7H,0 + 38
Describe the preparation of potassium permanganate. How does the acidified permanganate react
with (i) iron (II) ions (i) SO, (iii) oxalic acid? Write the ionic equations for the reaction.
For preparation, refer to Points to remember 4(b).

(/) MnOj +8H' + 5Fe™ Mn?* + 4H,0 + 5Fe®

(i) 2MnOj + 2H,0 + 580, —— 2Mn’* + 4H" + 580}

coo™
(ii)) 2MnOy + 16H* + 5| —— 2Mn®** + 8H,0 + 10CO,
Coo™
For M**/M and M>*/NE* systems, E° values for some metals are as follows:
Cr*/Cr=-09V e =~ 04V
Mo /Mn=-12V Mn*/Mn™ = +1.5V
Fe**/Fe=-04V Fe**/Fe**=+0.8 V

Use this data to comment upon

(i) the stability of Fe®™ in acid solution as compared to that of Cr** and Mn®*,

(i) the ease with which iron can be oxidised as compared to the similar process for either Cr
or Mn metals. [CBSE Sample Paper 2016]

(#) Higher the reduction potential of a species, greater is the ease with which it undergo reduction. Among
these pairs, Mn**/Mn®* has largest positive reduction potential. Hence Mn™ can be easily reduced to
Mn?* i.e., Mn** is least stable. Cr**/Cr™* has a negative E° value, therefore, Cr** is most stable. Fe**/Fe™*
has a positive value but small. Hence, Fe** is more stable than Mn** but less stable than Cr*.

(if) Lower the reduction potential or higher the oxidation potential of a species, greater is the ease with
which it undergo oxidation. Among these pairs, Mn”*/Mn has the most negative reduction potential
or most positive oxidation potential. Therefore, it will be most easily oxidised. Thus, the decreasing
order of their ease of oxidation is Mn > Cr > Fe.

Predict which of the following will be coloured in aqueous solution?
Ti*", V¥, Cu™, 8¢*, Mn*", Fe**, Co™. Give reasons for each.

. An ion is coloured when it has one or more unpaired electrons. Thus, Ti*, V**, Mn™, Fe** and Co™ are

coloured, due to the presence of unpaired electrons and d-d transitions. Cu* and Sc** are colourless.

Compare the stability of +2 oxidation state for the elements of the first transition series.
Refer to Ans. 3. of NCERT Exercises.

Compare the chemistry of actinoids with that of lanthanoids with special reference to

(i) electronic configuration (i) oxidation states
(#if) atomic and ionic sizes (iv) chemical reactivity.
OR
Give three points of difference between lanthanoids and actinoids. [CBSE 2020 (56/1/1)]

(i) Electronic configuration: The general electronic configuration of lanthanoids is [Xe]** 4f'~" 54° ' 65>
whereas that of actinoids is [Rn]Eiﬁ 5f =14 649-17¢, Thus, lanthanoids belong to 4f-series whereas
actinoids belong to 5f-series.

(ii) Oxidation states: Lanthanoids show limited oxidation states (+2, 43, +4), out of which, +3 is most
common. This is because of a large energy gap between 4f, 54 and 6s subshells. On the other hand,
actinoids show a large number of oxidation states because of small energy gap between 5f, 6d and 7s
subshells.
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Ans.

Q.22.

(iif)

(iv)

Atomic and ionic sizes: Both show decrease in size of their atoms or ions in +3 oxidation state. In
lanthanoids, the decrease is called lanthanoid contraction whereas in actinoids, it is called actinoid
contraction. However, the contraction is greater from element to element in actinoids due to poorer
shielding by 5f-electrons.

Chemical reactivity:

Lanthanoids: In general, the earlier members of the series are quite reactive (similar to calcium) but
with increasing atomic number, they behave more like aluminium.

Values for E° for the half-reaction:

Ln**(ag) + 3¢° —— Ln(s) Lo,0,
are in the range of -2.2 to -2.4 V except % Hy
for Eu for which the value is —2.0 V. This ki 6’0;& ‘
is ofcourse, a small variation. AN f?o
=

The metals combine with hydrogen when

gently heated in the gas. The carbides, «__ heated with §
Ln,C, Ln,C; and LnC, are formed when LnzS;
the metals are heated with carbon. They

liberate hydrogen from dilute acids and

burn in halogens to form halides. They

form oxides and hydroxides—M,0; and
M(OH);. The hydroxides are definite LaN v Ln(OH); + Hy
compounds, not just hydrated oxides, LnyC, LGy, LnyCy

basic like alkaline earth metal oxides and
hydroxides.

with halogens

LnX5

Chemical reactions of the lanthanoids

Actinoids: The actinoids are highly reactive metals, especially when finely divided. 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; alkalis have no action.

Actinoids are more reactive than lanthanoids due to bigger atomic size and lower ionisation energy.

How would you account for the following:

(@
(i)

(i)
O]

(i)

(iif)

Of the d* species, Cr** is strongly reducing while manganese (III) is strongly oxidising.
Cobalt (II) is stable in aqueous solution but in the presence of complexing reagents it is
easily oxidised.

The d' configuration is very unstable in ions.

E° value for Cr*/Cr? is negative (-0.41 V) whereas E° value for Mn>*/Mn”" is positive (+1.57 V).
Thus, C* ions can easily undergo oxidation to give Cr’* ions and, therefore, act as strong reducing
agent. On the other hand, Mn®* can easily undergo reduction to give Mn”" and hence act as oxidising
agent.

This is because in presence of complexing reagents the CFSE value compensates more than the third

ionisation energy of cobalt.

Theionswithd' configuration have the tendency tolose the only electron present in d-subshell to acquire
stable d° confi guration. Therefore, they are unstable and undergo oxidation or disproportionation.

What is meant by ‘disproportionation’? GGive two examples of disproportionation reaction in aqueous
solution.

Ans. Disproportionation reactions are those reactions in which the same substance undergoes oxidation as well
as reduction. In disproportionation reaction, oxidation number of an element increases as well as decreases
to form two different products. For example,

VI Vil v
3MnO;” + 4H* —— 2Mn0O; + MnO, + 2H,0
v VI I

3CrOF + 8HY —— 20107 + Cr* + 4H,0
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‘Which metal in the first transition series exhibits +1 oxidation state most frequently and why?
Cu has the electronic configuration 3d 145" Ttcan easily lose 4s' electronto give the stable 3d" configuration.
Hence, it shows +1 oxidation state.
Caleculate the number of unpaired electrons in the following gaseous ions:
(@) Mn®*, (i) Cr%*, (i) V?* and (iv) Ti3*.
Which one of these is the most stable in aqueous solution?
() Mn** =3d%=4 unpaired electrons (i) Cr*=3d°=3 unpaired electrons
(iif) V** =34” = 2 unpaired electrons (iv) Ti** =3d"' = 1 unpaired electron.
Cr* is the most stable in aqueous solution because it has half-filled Iy, level (i.e., 3323).

Give example and suggest reasons for the following features of the transition metal chemistry:

(/) The lowest oxide of transition metal is basic, the highest is amphoteric/acidic.

(#f) A transition metal exhibits higher oxidation states in oxides and fluorides.

(iif) The highest oxidation state is exhibited in oxo-anions of a metal.

(i) The lowest oxide of transition metal is basic because the metal atom has low oxidation state. This
means that it can donate valence electrons which are not involved in bonding to act like a base.
Whereas the highest oxide is acidic due to the highest oxidation state as the valence electrons are
involved in bonding and are unavailable. For example, MnO is basic whereas Mn,0; is acidic.

(i) A transition metal exhibits higher oxidation states in oxides and fluorides because oxygen and fluorine
are highly electronegative elements, small in size (and strongest oxidising agents). For example, osmium
shows an oxidation states of +6 in OsF; and vanadium shows an oxidation state of +5 in V,0;.

(iii) Oxometal anions have the highest oxidation state, e.g., Cr in Crlog_ has an oxidation state of +6
whereas Mn in MnO, has an oxidation state of +7. This is again due to the combination of the metal
with oxygen, which is highly electronegative and oxidising element.

Indicate the steps in the preparation of

(i) KyCryOy from chromite ore.

(i) KMnO, from pyrolusite ore.

(i) Refer to Points to remember 4(a).

(ii) Refer to Points to remember 4(b).

What are alloys? Name an important alloy which contains some of the lanthanoid metals. Mention
its uses.

An alloy is a homogeneous mixture of two or more metals, or metals and non-metals. An important alloy
containing lanthanoid metals is misch metal which contains 95% lanthanoid metals and 5% iron alongwith
traces of S, C, Ca and Al It is used in Mg-based alloy to produce bullets, shells and lighter flints.

What are inner-transition elements? Decide which of the following atomic numbers are the numbers
of the inner-transition elements: 29, 59, 74, 95, 102, 104.

The f-block elements, ie., in which the last electron enters into f-subshell are called inner-transition
elements. These include lanthanoids (58-71) and actinoids (90-103). Thus, elements with atomic numbers
59,95 and 102 are inner-transition elements.

The chemistry of the actinoid elements is not so smooth as that of the lanthaneids. Justify this
statement by giving some examples from the oxidation state of these elements.

Lanthanoids show a limited number of oxidation state, viz., +2, +3 and +4 (out of which 43 is the most
common). This is because of a large energy gap between 4f, 54 and 6s subshells. The dominant oxidation
state of actinoids is also +3 but they show a number of other oxidation states also, e.g., uranium (Z = 92)
and plutonium (Z = 94) show +3, +4, +5 and +6, neptunium (Z = 94) shows +3, +4, +5 and +7, etc. This is
due to small energy difference between 5f, 64 and 75 subshells of the actinoids.

Which is the last element of the series of the actinoids? Write the electronic configuration of this
element. Comment on the possible oxidation state of this element.

Last actinoid = Lawrencium (Z = 103)

Electronic configuration = [Rn]® 5f'* 64" 75>

Possible oxidation state = +3
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Use Hund’s rule to derive the electronic configuration of Ce™ ion and calculate its magnetic moment
on the basis of spin only formula.

55Ce = [Xe]> 471 5d" 652

Ce = {Xe]54 4f 1 i.e., there is only one unpaired electron, i.e., n = .

Hence, p= \Jn(n+2) =,f1(1+2) =3 = L73BM
Name the members of the lanthanoid series which exhibit +4 oxidation states and those which exhibit
+2 oxidation states. Try to correlate this type of behaviour with the electronic configuration of these
elements.
+4 = e, Pr, (oNd, 5Tb, 5Dy
+ 2 = gNd, 5,5m, g3Eu, Tm, 55¥b
+2 oxidation state is exhibited when the lanthanoid has the configuration 5d° 657 so that 2 electrons are
easily lost. +4 oxidation state is exhibited when the configuration left is close to 4f° (e.g., 4%, 4", 4/%) or
close to 477 (e.g., 4f " or 47 ®).
Compare the chemistry of the actinoids with that of landthanoids with reference to:

(i) electronic configuration (#) oxidation states and
(#ii) chemical reactivity

(i) | Electronic configuration | [Xe] 4f' =" 54°~ ! 65 [Rn] 5F' =" 6a°~' 757

(if) | Oxidation states Besides +3 Q.S lanthanoids show | Besides +3 O.S actinoids show higher Q.S
+2 and +4 0.5 only in a few cases. | of +4, +5, +6, +7 also because of smaller
energy gap between 3f, 64 and 7s subshell.

(i) | General chemical These are less reactive metals. These are highly reactive metals.

reactivity of elements

Lesser tendency towards complex | Greater tendency towards complex

formation. formation.
Do not form oxocation. Form oxocation.
Compounds are less basic. Compounds are more basic.

Write the electronic configurations of the elements with atomic numbers 61, 91, 101 and 109.
Z =61 (Promethium, Pm), E.C. = [Xe] 4f° 54° 65
Z =91 (Protactium, Pa), E.C. = [Rn] 52 64" 75
Z= 101 (Mendelevium, Md), E.C. = [Rn] 5 ™ 64° 75°
Z = 109 (Meitnerium, Mt), E.C. = [Rn] 5f ' 6d7 75
Compare the general characteristics of the first series of transition metals with those of the second
and third series metals in the respective vertical columns on the basis of following points:
(i) electronic configurations, (#i) oxidation states,
(#ii) ionisation enthalpies, and (iv) atomic sizes.
(i) Electronic configurations: The elements in the same vertical column generally have similar electronic
configurations. Although, the first series shows only two exceptions, ie., Cr = [Ar] 3d 5 4s' and
Cu = [Ar] 34" 45! but the second series shows more exceptions, e.g., Mo(42) = [Kr] 4d° 55",
Ru(44) = [Kr] 4d” 55', Rh(45) = [Kr] 4° 55', Pd(46) = [Kr] 4d'° 55 °, Ag(47) = [Kr] 44'° 55, Similarly,
in the third series, W(74) = [Xe] 4F '* 54 * 65 %, Pu(78) = [Xe] 4F * 547 65' and Au(79) = [Xe] 47 *
5d'° 65'. Hence, in the same vertical column, in a number of cases, the electronic configuration of the
three series are not similar.
(if) Oxidation states: The elements in the same vertical column generally show similar oxidation states.
The number of oxidation states shown by the elements in the middle of each series is maximum and
minimum at the extreme ends.
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(iii) Ionisation enthalpies: The first ionisation enthalpies in each series generally increase gradually as
we move from left to right though some exceptions are observed in each series. The first ionisation
enthalpies of some elements in the second (4d) series are higher while some of them have lower value
than the elements of 3d- series in the same vertical column. However, the first ionisation enthalpies
of third (5d) series are higher than those of 34 and 4d- series. This is because of weak shielding of
nucleus of 4f-electrons in the 5d-series.

(iv) Atomic sizes: Generally, ions of the same charge or atoms in a given series show progressively
decrease in radius with increasing atomic number though the decrease is quite small. But the size of
the atoms of the 4d-series is larger than the corresponding elements of the 3d-series whereas those of
corresponding elements of the 5d-series are nearly the same as those of 4d-series due to lanthanoid
contraction.

Q. 36. Write down the number of 34 electrons in each of the following ions:
Ti¥*, V¥, Cr™, Mn®, Fe¥*, Fe*, Co™, Ni** and Cu™".
Indicate how would you expect the five 3d-orbitals to be occupied for these hydrated ions (octahedral).

. UAT : " : Lo

@ T | [Ag3d? 2 the
@ v | [Adg3d’ 3 B
iy ot | [Arsd’ 3 1
vy Mn™| [Af3d? 5 thee
(v Fett | [A3d® 6 thees
v Fe© | [A3d] 5 theed

wi) Co’ | [An3d’ 7 thed

i) Ni¥* | [Ar34® 8 1555
(ix) Cu¥| [Af3d° 9 &%

Q. 37. Comment on the statement that elements of the first transition series possess many properties
different from those of heavier transition elements. [HOTS]
Ans. The given statement is true. Some evidences in support of this statement are:

() Atomic radii of the heavier transition elements (4d and 5d-series) are larger than those of the
corresponding elements of the first transition series though those of 4d and 5d-series are very close to
each other.

(i) lonisation enthalpies of 5d- series are higher than the corresponding elements of 3d and 4d-series.

(iii) Enthalpies of atomisation of 4d and 5d-series are higher than the corresponding elements of the first series.
(iv) Melting and boiling points of heavier transition elements are greater than those of the first transition
series due to stronger intermetallic bonding.



Q. 38. What can be inferred from the magnetic moment values of the following complex species?

Example Magnetic Moment (BM)
K, [Mn(CN)] 22
[Fe(H,0),]** 53
K;[MnCly] 5.9

Ans. Magnetic moment (i) = \/n(n+2) BM

Forn=1, p=[(1+2)=+3=1.73;  Forn=2, p=2(2+2)=+8=283
Forn=3, p=3(3+2)=\15=3.87; Forn=4, u=44(4 +2)=+24 =4.90
Forn=>5, p=m=\]’§:5.92

K,[Mn(CN),]

Here, Mn is in +2 oxidation state, i.e., as Mn™*, u=2.2 BM shows that it has only one unpaired electron.
Hence, when CN~ ligands approach Mn?* ion, the electrons in 3d-subshell pair up.

Hence, CN" is a strong ligand. The hybridisation involved is dzsp3 forming inner orbital octahedral complex.
3d
Mo [T T[I]T]1] I D]j
3d
we O[] D:D

3d 4,
menoge [T o] [ o] X etz o
d%sp® hybrid

[Fe(H,0) ™

Here, Fe is in +2 oxidation state, i.e., as Fe?*. 1= 35.3 BM shows that there are four unpaired electrons. This
means that the electrons in 3d-subshell do not pair up when the ligand H,O molecules approach. Hence,
H,0 is a weak ligand. To accommodate the electrons donated by six H,O molecules, the hybridisation will
be sp3d2. Hence, it will be an outer orbital octahedral cornplex

ke [11] 1] Ii\.l LI I1]
4d
Fez*lliHIIHD| | I H [ LT T]
weaso [ITTTITTT] o E IXX\XXIXXI IXXIXXF [T )™ wmiis™

sp*d® hybrid

K,[MnCl,]

Here, Mn is in +2 state, i.e., as Mn“. it = 5.9 BM shows that there are five unpaired electrons. Hence, the
hybridisation involved w111 be sp 3 and Lhe cnmplex w1]l be tetrahedral.

= D Dj]

45

[MnCl4]2_ I | [ X)( XX X)( XX = Electron pair from CI” ions

sp hybrid
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Multiple Choice Questions

Choose and write the correct option(s) in the following questions.

In which of the following does the central atom exhibit an oxidation state of +4? [CBSE 2023 (56/4/2)]
(@) K5[Ni(CN),] (b) [Cu(NHy),I* (c) [PUNH;),Cly] (d) [Puen),CL,]**

Metallic radii of some transition elements are given below. Which of these elements will have highest
density?

Element Fe Co Ni Cu

Metallic radii/pm 126 125 125 128 [NCERT Exemplar]
(a) Fe (b) Ni (©) Co () Cu

Which of the following statements is not correct? [NCERT Exemplar]

(a) Copper liberates hydrogen from acids.

(b) In its higher oxidation states, manganese forms stable compounds with oxygen and [luorine.
(¢) Mn™ and Co™ are oxidising agents in aqueous solution.

(d) Ti** and Cr** are reducing agents in aqueous solution.

Which of the following is amphoteric oxide?
Mn,0,, CrQ,, Cr,0,, Cr0, V,0,, V,0, [NCERT Exemplar]
(a) V505, Cry04 (b) Mn,0,, CrOy (c) Cr0, V,05 (d) V105, V,04
Which one of the following does not correctly represent the correct order of the property indicated
against it ?
(a) Ti <V < Cr < Mn, increasing number of oxidation states
(b) Ti< V < Mn < Cr, increasing second ionisation enthalpy
(¢) Ti< V < Cr < Mn, increasing melting point
() T <« V¥* < Cr** « Mn™, increasing magnetic moment

Which set of ions exhibit specific colours? [CBSE Sample Paper 2021]
(Atomic number of Sc =21, Ti = 22, V=23, Mn = 25, Fe = 26, Ni = 28, Cu = 29 and Zn =30)

(@) Sc*, Ti*, Mn* (b)) S, Zn®*, Ni%* (¢) V¥, V2 Fe** (d) Ti™, Ti**, Ni**

The magnetic moment is associated with its spin angular momentum and orbital angular momentum.
Spin only magnetic moment value of Cr** ion is » [NCERT Exemplar]
() 2.87 B.M. (b) 3.87 BM. (c) 3.47 BM. (d) 3.57 BM.

Transition elements show magnetic moment due to spin and orbital motion of electrons. Which of the

following metallic ions have almost same spin only magnetic moment?

(a) Co™* () Cr (c) Mn** (d) cr*
The electronic configuration of Cu(II) is 34° whereas that of Cu(l) is 34", Which of the following is
correct? [NCERT Exemplar]

(@) Cu(ll) is more stable
(b) Cu(ll) is less stable
(¢) Cu(l) and Cu(Il) are equally stable
() Stability of Cu(I) and Cu(1l) depends on nature of copper salts
Generally transition elements form coloured salts due to the presence of unpaired electrons. Which
of the following compounds will be coloured in solid state? [NCERT Exemplar]
() Ag,S0, (b) CuF, (¢) ZnF, (d) Cu,Cl,
‘Which of the following is the reason for Zinc not exhibiting variable oxidation state?
[CBSE Sample Paper 2021]
(a) Inert pair effect (b) Completely filled 3d subshell
(¢) Completely filled 45 subshell (d) Common ion effect
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Which of the following is a diamagnetic ion? [CBSE Sample Paper 2021]

(Atomic numbers of S¢, V, Mn and Cu are 21, 23, 25 and 29 respectively)

(a) V** (b) Sc™* (c) Cu® (d) Mn**

Out of the following transition elements, the maximum number of oxidation states are shown by
[CBSE 2020 (56/1/1)]

(a) Sc (Z=21) (b) Cr(Z=24)

(c) Mn (Z=125) (d) Fe (Z=26)

The incorrect statement about interstitial compounds is [CBSE 2020 (56/2/1)]

(a) They are chemically reactive. (b) They are very hard.

(¢) They retain metallic conductivity. (d) They have high melting point.

On addition of small amount of KMnQ), to concentrated H,SO,, a green oily compound is obtained

which is highly explosive in nature. Identify the compound from the following. [NCERT Exemplar]
(a) Mn,0, (b) MnO, (¢) MnSO, (d) Mn,O,

Generally transition elements and their salts are coloured due to the presence of unpaired electrons
in metal ions. Which of the following compounds are coloured?

(@) KMnOy (b) Cey(SOy); () TiCly (d) CuyCly

When KMnQ, solution is added to oxalic acid solution, the decolourisation is slow in the beginning

but becomes instantaneous after some time because [NCERT Exemplar]

(a) CO, is formed as the product. (k) Reaction is exothermic.

() MnOj catalyses the reaction. (d) Mn?* acts as autocatalyst.

Which of the following reactions are disproportionation reactions? [NCERT Exemplar]

M Cu* Cu®* + Cu
(if) 3Mn05‘ + 4H" 2MnO] + MnO, + 2H,0

(i) 2KMnO, — K,MnO, + MnO, +0,

(iv) 2MnO; + 3Mn® + 2H,0 5MnO, + 4u”

(a) (1), (if) (b) (4), (i), (i) (e) (i), (iid), (iv) (d) (@), (iv)

KMnO, acts an oxidising agent in acidic medium. The number of moles of KMnO, that will be

needed to react with one mole of sulphide ions in acidic solution is [NCERT Exemplar]

2 3 4 1

@ = b = © 3 (d) 3

KMnO, acts as an oxidising agent in alkaline medium. When alkaline KMnO, is treated with KI,

iodide ion is oxidised to i [NCERT Exemplar]

(@) 1, (b) 107 (¢) 103 (d) 10]

The most common and stable oxidation state of a Lanthanoid is: [CBSE 2023 (56/1/1)]

(a) +2 (b)+3 (c) +4 (d) +6

Gadolinium belongs to 4f series. It’s atomic number is 64. Which of the following is the correct

electronic configuration of gadolinium? [NCERT Exemplar]

(a) [Xe] 4f " 5d" 657 (b) [Xe] 4F%54° 65

() [Xel 4f%6d® (d) [Xe] 47755

Which of the following characteristics of transition metals is associated with their catalytic activity?
[CBSE 2023 (56/2/1)]

(a) Paramagnetic nature

(b) Colour of hydrated ions

() High enthalpy of atomisation
(d) Variable oxidation states



r—---""-""-"""-"="-"="®="-""'""""-"————_—_—/—_—/—

24.

25.

26.

27.

(a)

&)

(c)
)

o = o e o o o e e = e e = = = = —— —— — — — —

Actinoids exhibit greater number of oxidation states than lanthanoeids. The main reason being

(a) more energy difference between 5f and 64 than between 4f and Sf-orbitals.

(b) 4f-orbitals are more diffused than the 5f-orbitals.

(c) lesser energy difference between 5f and 64 than between 4f and 5d-orbitals.

(d) more reactive nature of the actinoids than the lanthanoids.

The magnetic moment of [NiCl,]z' [CBSE 2023 (56/5/2)]
(a) 1.82 BM (b) 2.82 BM (c) 442 BM (d) 5.46 BM

[Atomic number: Ni = 28]

Which property of transition metals enables them to behave as catalysts? [CBSE 2023 (56/5/2)]
(a) High melting point (b) High ionisation enthalpy

(¢) Alloy formation (d) Variable oxidation states

‘Which of the following analogy is correct?

(a) Actinides : Radioactive :: Lanthanides : Non-radioactive

(b) Ti: Soft :: Zn : hard

(¢) Zn>* : Paramagnetic :: Co®* : Diamagnetic

(d) Lawrencium : 57 64" 75% :: Cerium : 4f° 54" 65

Answers

1. (d) 2.(d) 3. (a) 4.(a) 5.(0) 6. () 7.(b) 8. (@) 9.(@ 10.(b)
1L 128 13.(0) 4@ 15.(@ 16.(@ 17.( 18.(@ 19.(@ 20.(c)
2L.(5) 22.(a) 23.(d) 24.(c) 25.(b) 26.(d) 27.(a)

Assertion-Reason Questions

In the following questions, two statements are given—one labeled Assertion (A) and the other labeled
Reason (R). Select the correct answer to these questions from the codes (a), (b), (c) and (d) as given below:

Both Assertion (A) and Reason (R) are correct statements, and Reason (R) is the correct explanation of

the Assertion (A).

Both Assertion (A) and Reason (R) are correct statements, but Reason (R) is not the correct explanation

of the Assertion (A).

Assertion (A) is correct, but Reason (R) is incorrect statement.

Assertion (A) is incorrect, but Reason (R) is correct statement.

Assertion (A) : In transition elements ns orbital is filled up first and (n — 1)d afterwards, during ionization
ns electrons are lost prior to (n—1)d electrons.

Reason (R) : The effective nuclear charge felt by (n — 1)d electrons is higher as compared to that by
ns electrons.

Assertion (A) : Zn, Cd and Hg cannot be regarded as transition elements.

Reason (R) : These elements do not belong to the d-block of the periodic table.

Assertion (4) : Manganese shows the highest oxidation state of +7 in 3d series.

Reason (R) : Transition metals show variable oxidation states. [CBSE 2023 (56/4/2)]

Assertion (A) : Transition metals have low melting points.

Reason (R) : Theinvolvement of greater number of (n — 1)d and ns electrons in the interatomic metallic
bonding. [CBSE 2020 (56/4/1)]

Assertion (A) : Amongst Cu®* and Cu* ions, the more stable ions is Cu®*.

Reason (R) : For determination of stability of an ion its electrode potential is more important factor
than its electronic configuration.
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6. Assertion (4) : Copper is a non-transition element.
Reason (R) : Copper has completely filled d-orbitals in its ground state. [CBSE 2023 (56/4/2)]
7. Assertion (4) : Transition metals have high melting point.
Reason (R) : Transition metals have completely filled d-orbitals. [CBSE 2020 (56/4/2)]
8. Assertion (4) : A solution of ferric chloride on standing gives a brown precipitate.
Reason (R) : FeCl, possesses covalent bonds and chlorine bridge structure.
9. Assertion (4) : Members of 4d and 5d series of transition elements have nearly same atomic radii.
Reason (R) : Atomic and ionic radii for transition elements are smaller than their corresponding
s-block elements.
10. Assertion (A) : The most common oxidation state exhibited by actinoids is +2.
Reason (R) : All actinoids possess two electrons in 7s subshell.
11. Assertion (4) : Ce™ is used as an oxidisin g agent in volumetric analysis.
Reason (R) : Ce* has the tendency of attaining +3 oxidation state.
12. Assertion (A) : The degree of complex formation in actinides decreases in the order
M* > MO3" > M >MO;
Reason (R) : Actinides form complexes with n-bonding ligands such as alkyl phosphines and thioethers.

Answers

L@ 2.0 LB 4D 5B 6@ 1.0 8. %) 10.(d
1@  12.(h)

Passage-based/Case-based/
Source-based Questions

Read the given passages and answer the questions that follow.

PASSAGE-1

Within the 3d-series, manganese exhibits oxidation states in aqueous solution from +2 to +7, ranging
from Mn®™ (ag) to MnOjJ (ag). Likewise, iron forms both Fe*(ag) and Fe*'(ag) as well as the FeO]  ion.
Cr and Mn form oxyions CrOf' , MnOj, owing to their willingness to form multiple bonds. The pattern with
the early transition metals—in the 3d series up to Mn, and for the 4d, 54 metals up to Ru and Os—is that the
maximum oxidation state corresponds to the number of “outer shell” electrons. The highest oxidation states of the
3d-metals may depend upon complex formation (e.g., the stabilization of Co™ by ammonia) or upon the pH (thus
MnOf'(aq) is prone to disproportionation in acidic solution). Within the 3d-series, there is considerable variation in
relative stability of oxidation states, sometimes on moving from one metal to a neighbour; thus, for iron, Fe>* is more
stable than Fe™*, especially in alkaline conditions, while the reverse is true for cobalt. The ability of transition metals
to exhibit a wide range of oxidation states is marked with metals such as vanadium, where the standard potentials
can be rather small, making a switch between states relatively easy.

(Seurce: Cotton, 5. A. (2011). Lanthanides: Comparison to 3d metals.
Encyclopedia of inorganic and Bioinorganic Chemistry.)
1. What is the oxidation state of iron in ferric?
2. Which is more stable Fe’* or Fe™*?
3. Why is the maximum oxidation state of chromium in its compounds +6?
OR
Vanadium had the ability to exhibit a wide range of oxidation states. Explain why?

Answers
1. +3
2. Fe**

3. The maximum oxidation state of chromium in its compounds is +6 because it has only 6 electrons in ns and
(n — 1) d-orbitals.

——————————————— — — — -
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OR

Because the standard potential of vanadium are rather small, making a switch between oxidation states
relatively easy.

PASSAGE-2

Potassium permanganate, (KMnQ,) is prepared by fusion of pyrolusite, MnO, with KOH in the presence of an
oxidising agent like KNO,. This produces the dark green potassium manganate, K,MnO, which disproportionates
in a neutral or acidic solution to give purple permanganate ion. Potassium permanganate is an important oxidising
agent in acidic, alkaline as well as neutral medium.

1. What is the state of hybridisation of Mn in MnO; ?

2. Write an application of potassium permanganate.

3. What are the products formed after heating potassium permanganate?

OR

Draw the structure of permanganate ion. Is it paramagnetic or diamagnetic?

Answers
1. sp°
2. Itis used for the estimation of hydrogen peroxide.
3. K,MnO,, O, and MnO, will be formed after heating of potassium permanganate.
OR

o/u\o

Tetrahedral permanganate ion
(purple)

It is diamagnetic.

CONCEPTUAL QUESTIONS

Q.1. Copper atom has completely filled d-orbitals in its ground state but it is a transition element. Why?
[CBSE Chennai 2015]
Ans. Copper exhibits +2 oxidation state wherein it has incompletely filled 4 orbitals (34 2 430) hence, a transition
element.
Q.2. Give reason:
Zn is soft whereas Cr is hard. [CBSE South 2016]
Ans. Cr(3d 2 431) has five unpaired electrons in its d-orbitals whereas Zn (3d 4 452) has no unpaired electrons in
its d-orbitals. As a result of this weak metallic bonds exist in Zn whereas strong metallic bonds exist in Cr.
Hence, Zn is soft whereas Cr is hard.
Q. 3. Reactivity of transition elements decreases almost regularly from Sc to Cu. Explain. [INCERT Exemplar]
Ams. Itis due to regular increase in ionisation enthalpy.
Q. 4. Arrange the following in increasing order of acidic character: [HOTS]
Cr0,, Cr0, Cr,0,

Ans. CrO < Cr,0; < CrO;. Higher the oxidation state, more will be acidic character.

Q. 5. Why does copper not replace hydrogen from acids? [NCERT Exemplar]
Ans. Cu shows E° positive value.
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Q.6.

Ans.

a7

Ans.

Q.8.

Ans.

Q.9.

Ans.

Q. 10.

Ans.

Q.1

Ans.

Q.2.

Ans.

a3

Which divalent metal ion has maximum paramagnetic character among the first transition metals?

Why?

Mn** has the maximum paramagnetic character because of the maximum number of unpaired electrons, viz., 5.

Although Cr* and Co®* ions have same number of unpaired electrons but the magnetic moment of

Cr* is 3.87 BM and that of Co* is 4.87 BM. Why? [NCERT Exemplar] [HOTS]

Due to symmetrical electronic configuration there is no orbital contribution in Cr’* ion. However,

appreciable orbital contribution takes place in Co* ion.

Out of Cu,Cl, and CuCl,, which is more stable and why? [NCERT Exemplar] [HOTS]

CuCl, is more stable than Cu,Cl,. The stability of Cu2+(aq) is more than Cu*(ag) due to the much more

negative Ay, H° of Cu”(ag) than Cu*(ag).

Zn™ salts are white while Cu’ salts are coloured. Why? [CBSE Patna 2015]
Cu* (3d” 45”) has one unpaired electron in d-subshell which absorbs radiation in visible region resulting
in d-d transition and hence Cu®* salts are coloured. Zn** (3d e 430) has completely filled d-orbitals. No
radiation is absorbed for d-d transition and hence Zn”* salts are colourless. 1

|CBSE Marking Scheme Patna 2015)]

Write any one use of pyrophoric alloys.
Pyrophoric alloys emit sparks when struck. Hence, they are used in making flints for lighters.

Short Answer Questions-I

Each of the following questions are of 2 marks.

Use the data to answer the following and also justify giving reason:

Cr Mn Fe Co
Bt i -0.91 -1.18 -0.44 -0.28
Eppe e -0.41 -1.57 -0.77 +1.97
(f) Which is a stronger reducing agent in agueous medium, Cr** or Fe** and why?
(i) Which is the most stable ion in +2 oxidation and why? [CBSE 2019 (56/4/1)]

(i) Cr2+, due to lower standard reduction potential (E®)/Higher standard oxidation potential.
(i) Mn*, due to highest negative standard reduction potential.
In the following ions:
Mn*, v¥, o, it
(Atomic no. : Mn=25,¥V=23,Cr=24,Ti=22)
(1) Which ion is most stable in an aqueous solution?
(ii) Which ion is the strongest oxidizing agent?
({fif) 'Which ion is colourless?
(iv) Which ion has the highest number of unpaired electrons? [CBSE (F) 2017]
(i) Cr* because of half filled 1, level.
(if) Mn}’, as the change from Mn** to Mn®* results in stable half filled ) 5) configuration.
(if) Ti*, as Ti** has empty d-orbitals therefore d- transition cannot occur in Ti**.
(iv) Mn* (3d44su). It has 4 unpaired electrons.
Give reasons for the following:
(i) E° values of Mn, Ni and Zn are more negative than expected.

(in [Ti(HZO)]"” is coloured while [Sc(HZO)ﬁ]'1+ is colourless. [HOTS]
OR
Ti** is coloured whereas Sc* is colourless in aqueous solution. [CBSE 2020 (56/5/1)]
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Q.6.

Ans.

Q.7.

Ans.

Q.8.

Ans,

(i) Negative £°values for Mn?* and Zn®* are related to stabilities of half-filled and fully filled configurations,
respectively. But for Ni?*, E° value is related to the highest negative enthalpy of hydration.

(if) This is due to d-d transition of electron in ['l‘i(HQO)Ef* complex. Ti** has one electron in d-orbital
(3d") which absorbs energy corresponding to blue-green region and jumps from r, o [0 e, set of
d-orbitals (r'zs e — xgg e;, ). But Sc¢* has no electron in the d-orbital.

How would you account for the following:

() Mn (IIT) undergoes disproportionation reaction easily.

(ii) Co (II) is easily oxidised in the presence of strong ligands. [CBSE (F) 2011]

(0 Mn** is less stable and changes to Mn®* which is more stable due to half filled d-orbital configuration.
That is why, Mn** undergoes disproportionation reaction.

(if) Co (I1) has electronic configuration 3d7 45°, i.e., it has three unpaired electrons. In the presence of
strong ligands, two unpaired electrons in 3d-subshell pair-up and third unpaired electron shifts to
higher energy subshell from where it can be easily lost and hence oxidised to Co(lII).

When FeCr,0, is fused with Na,CO; in the presence of air it gives a yellow solution of compound (A).
Compound (A) on acidification gives compound (B). Compound (B) on reaction with KCl forms an
orange coloured (C). An acidified solution of compound (C) oxidises Na,S0; to (D). Identify (A), (B),

and (D). [CBSE 2019 (56/2/1)]
A= N32 Cl’04 , B= Naz Cl‘zO‘; 3 C= KzCI’Q 07 , D= N32304
Sodium chromate Sodium dichromate Potassium dichromate Sodium sulphate

Complete the following chemical reaction equations:
(i) MnO; (ag) + C,07 (ag) + H' (ag)
(i) Cry0% (ag) + Fe** (ag) + H* (ag) ——
0] [MnOj + 8H* + 56 —— Mn>* + 4H,0] x2
[C,0F —— 200, +271x5
MnOj + 5C,03" + 16H* —— 2Mn™ + 10C0, + 8H,0

(i) Cr,03" + 14H* + 660 —— 20" + TH,0
Fe™ —— Fe™* +¢7] %6
Cr,03" + 6Fe™ + 14H" —— 20r* + 6Fe™ + 7H,0

Complete the following chemical equations:
(i) 8MnO; + 38,07 + H,0 ——
(i) Cry02 + 385n% + 14H* —— [CBSE Delhi 2016]
(i) BMnOj + 2H,0 + 3¢” —— MnO, + 40H ] x 8
§,077 + 100H" —— 2807+ 5H,0+ 8¢ ] x3

8MnOj + 38,03 + H,0 —— 8Mn0, + 680" + 20H"

(i) CrO¥ + 14H* + 66 —— 200" + TH,0
S$n** —— Sn*t 4271 %3

Cr,03 +38n™ 4 14H* —— 200 +38n* + 7TH,0

Complete and balance the following equations:

() MnO; +I" + H" ——
(i) Na,Cr,0, + KCl — [CBSE 2019 (56/5/2)]
() 2MnO; + 101" + 16H" —— 2Mn™ + 8H,0 + 51,

(i) Na,Cr,0, + 2KCl —— K,Cr,0, + 2NaCl
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Q.9. Transition metals can act as catalysts because these can change their oxidation state. How does
Fe(III) catalyse the reaction between iodide and persulphate ions? [NCERT Exemplar]
Ans. Reaction between iodide and persulphate ions is:

oq74 g Bty

Role of Fe(lIl) ions:
et + A —— e 4 1,
2Fe™ + 8,07 —— 2Fe™ + 2507

L + 2507

Q. 10. Explain each of the following observations:

(i) Mn*" is much more resistant than Fe®* towards oxidation. [CBSE Delhi 2012]
(ii) Among lanthanoids, Ln(IIT) compounds are predominant. However, occasionally in solutions
or in solid compounds, +2 and +4 ions are also obtained. [CBSE (AI) 2012]

Ans. (i) Mn**(d") is less stable than Mn®* (¢°, half filled) while Fe’* (d°, half filled) is more stable than
Fe?* (d*). That is why Mn?* is more resistance than Fe™* towards oxidation.

(if) Lanthanoid metals show +2 and +4 oxidation states to attain extra stable f 0 and f i configurations.

Q. 11. Explain each of the following observations:
(i) Actinoids exhibit a much larger number of oxidation states than the lanthanoids.

[CBSE 2019 (56/2/1)]
(if) There is hardly any increase in atomic size with increasing atomic numbers in a series of
transition metals. [CBSE (F) 2012]

Ans. () Thisis due to small energy gap between 5f, 64 and 7s-subshells in actinoids.
(if) This is because with increase in atomic number in a series, the increased nuclear charge is partly
cancelled by the increased shielding effect of electrons in the d-orbitals of penultimate shell.

Short Answer Questions-II

Each of the follewing questions are of 3 marks.
Q.1

Cr Mn Fe Co Ni Cu

-091 - 118 -0.44 -0.28 -0.25 +0.34

From the given data of E° values, answer the following questions:
(i) Why is E {c,20, value exceptionally positive?
(i) Why is E {52+ Value highly negative as compared to other elements?
(iii) Which is a stronger reducing agent Cr** or Fe** ? Give reason. [CBSE Patna 2015] [HOTS]
Ans. (i) Copper has high enthalpy of atomisation and low enthalpy of hydration. Since the high energy
to transform Cu(s) to CuB(aq) is not balanced by hydration enthalpy, therefore, E 2, value is
exceptionally positive.
(i) This is due to extra stability of half-filled 3d-orbitals of Mn>*(3d°).
(iif) Refer to NCERT Intext Questions, Q. 7.
Q. 2. The elements of 3d transition series are given as:
Se, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn
Answer the following:
(i) Copper has exceptionally positive E Klnm value. Why?
(ii) Which element is a strong reducing agent in +2 oxidation state and why?
(dii) Zn™* salts are colourless. Why? [CBSE East 2016)



Ans. (i) Because the sum of sublimation enthalpy and hydration enthalpy to convert Cu(s) to Cuz“(aq) is so
high that it is not balanced by its hydration enthalpy.
(if) Cr is strongest reducing agent in +2 oxidation state. Cr** has configuration 3d*. After losing one
electron it forms Cr** which has stable half filled 7, . level.
(iff) Zn**(3d'%) has completely filled d-orbitals. As a result of this, d-d transition cannot occur and hence,
Zn™* salts are colourless.

Q.3 (i) For M**/M and M™*/M** systems, E° values for some metals are as follows:
Cr*/Cr=-09V cricrt=-04V
Mn*/Mn=-12V  Mo¥/Mn” =+1L5V
Fe**/Fe=-04V Fe*/Fe®*=+0.8 V

Use this data to comment upon

(@) the stability of Fe™ in acid solution as compared to that of Cr** and Mn™.

(b) the ease with which iron can be oxidised as compared to the similar process for either Cr or
Mn metals.

(i) What can be inferred from the magnetic moment of the complex K Mn(CN)s], Magnetic

moment: 2.2 BM? [CBSE Sample Paper 2016]
Ans. () (a) Higher the reduction potential of a species, greater is the ease with which it undergo reduction.
Among these pairs, Mn**/Mn?* has largest positive reduction potential. Hence Mn* can be
easily reduced to Mn®" i.e., Mn® is least stable. Cr**/Cr”" has a negative E° value, therefore, Cr**
is most stable. Fe*"/Fe®* has a positive value but small. Hence, Fe™ is more stable than Mn®* but
less stable than Cr™".

(b) Lower the reduction potential or higher the oxidation potential of a species, greater is the ease
with which it undergo oxidation. Among these pairs, Mn**/Mn has the most negative reduction
potential or most positive oxidation potential. Therefore, it will be most easily oxidised. Thus,
the decreasing order of their ease of oxidation is Mn > Cr > Fe.

(i7) In the complex K,[Mn(CN),], Mn is in +2 oxidation state. Magnetic moment 2.2 BM indicates that
it has only one unpaired electron and hence forms inner orbital or low spin octahedral complex. In
presence of CN, a strong ligand the hybridisation involved is d2.9p3.

Q. 4. Account for the following:

() Eu*isa strong reducing agent.

(i) Orange colour of dichromate ion changes to yellow in alkaline medium.

(iii) Ejpen values for transition metals show irregular variation. [CBSE (F) 2017]

Ans. (i) This is because Eu®* tends to change to Eu™ as +3 is the common oxidation state of lanthanoids.

(i) In alkaline medium, the orange colour of the solution changes to yellow due to conversion of

dichromate {CrzO-,z') ion to chromate (CrOf‘) ion.

2~ — 18
Cr, 07 + 20H" — 2010, +H,0
Orange Yellow
(iii) The irregularity is due to the irregular variation of ionisation enthalpies (A;H + A;H,) and also the
sublimation enthalpies which are relatively much less for Mn (240 kJ mo]") and V (470 kJ mol").



Q. 5. Answer the following questions on the basis of the figure given below: |CBSE 2022 (56/4/2)]

900

800 -

700

600 -

500 -

400 -

300 -

P (LA pp—

200

100 -

0

Series 2

Series 1

G

=

Atomic number ——

Which element in 3d-series has lowest enthalpy of atomisation?

(ii) Why do metals of the second and third series have greater enthalpies of atomisation?

(iii) Why are enthalpies of atomisation of transition metals quite high?

Ans. (i) In the formation of metallic bonds, no electrons from 3d-orbitals are involved in case of zinc, while
in all other metals of the 3d-series, electrons from the d-orbitals are always involved in the formation

of metallic bonds. That is why, the enthalpy of atomisation of zinc is the lowest in the series.

(i) Metals of second (4d) and third series (5d) have greater enthalpy of atomisation due to larger size than

that of 3d element and hence can form metal-metal bond more frequently.

unpaired electrons in their atoms. Due to this they have stronger interatomic interaction.

Q. 6. On the basis of the figure given below, answer the following questions: [CBSE Sample Paper 2022]
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(Source: NCERT)

(i) Why Manganese has lower melting point than Chromium?

(ii) Why do transition metals of 34 series have lower melting points as compared to 4 series?

(iif) In the third transition series, identify and name the metal with the highest melting point.
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Ans. (i) Manganese is having lower melting point as compared to chromium, as it has highest number of

unpaired electrons, strong interatomic metal bonding , hence no delocalisation of electrons. 1

(ii) There is much more frequent metal — metal bonding in compounds of the heavy transition metals Le.,
4d and 54 series, which accounts for lower melting point of 34 series. 1

(iif) Tungsten 1

|CBSE Marking Scheme 2021]

Q.7. A solution of KMnOQj; on reduction yields either a colourless solution or a brown precipitate or a
green solution depending on pH of the solution. What different stages of the reduction do these

represent and how are they carried out? [NCERT Exemplar]
Ans. Oxidising behaviour of KMnO, depends on pH of the solution.
In acidic medium (pH < 7),
MnOj; + 8H* + 5¢” Mn®™ + 4H,0
({Colourless )

In alkaline medium (pH > 7),

MnOj + ¢* —— MnO}
(Green)
In neutral medium (pH = 7),

MnO; + 2H,0 + 3¢ ——  MnO,  + 20H"

{Brown precipitate)
Q.8. (i) How would you account for the following:
(«) Highest fluoride of Mn is MnF, whereas the highest oxide is Mn,0..
(b) Transition metals and their compounds show catalytic properties. [CBSE 2020 (56/5/1)]
(ii) Complete the following equation:
3MnOZ + 4H' [CBSE (F) 2015]
Ans. (i) (a) As oxygen stabilises manganese more than fluorine by forming multiple bonds.

(b) The catalytic activity of transition metals and their compounds is attributed to the following
reasons:
® Due to their tendency to show variable oxidation states transition metals form unstable
intermediate compounds and provide a new path for the reaction with lower activation energy.
¢ In some cases, the transition metals provide a suitable large surface area with free valencies
on which reactants are adsorbed.
(i) 3Mn0§‘ +4H —— 2MnO; +MnO,+4H,0
Manganate ion Permanganate ion
Q.9. (i) Give reasons:
() Transition metals and their compounds show catalytic activities.
(b) Separation of a mixture of Lanthanoid elements is difficult.
(¢) Zn, Cd and Hg are soft and have low melting point.
(ii) Write the preparation of the following:
(@) Na,Cr,0; from Na,CrQ,
() K;MnO, from MnO, |CBSE 2020 (56/5/1)]
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Q. 10. Account for the following:
(i) Mn,0y, is acidic whereas MnO is basic.
(ii) Though copper has completely filled d-orbital (d A0y yet it is considered as a transition metal.
(iii) Actinoids show wide range of oxidation states. [CBSE (F) 2016]
Ans. (i) Mn has + 7 oxidation state in Mn,O, and + 2 in MnO. In low oxidation state of the metal, some of

the valence electrons of the metal atom are not involved in bonding. Hence, it can donate electrons
and behave as a base. On the other hand, in higher oxidation state of the metal, valence electrons are
involved in bonding and are not available. Instead effective nuclear charge is high and hence it can
accept electrons and behave as an acid.
(if) Copper exhibits +2 oxidation state wherein it will have incompletely filled d-orbitals (34%), hence a
transition metal.

(iif) This is due to comparable energies of 5f, 6d and 7s-orbitals.

Q. 11. Account for the following: [CBSE Sample Paper 2022]
(i) Ti(IV) is more stable than the Ti(II) or Ti(III).
(ii) In case of transition elements, ions of the same charge in a given series show progressive decrease
in radius with increasing atomic number.
(iif) Zinc is comparatively a soft metal, iron and chromium are typically hard.

P o= = o e o o e = = = = = = —— —— —— — — —————
Fg
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Ans. () Tiis having electronic configuration [Ar]3d2432. Ti (IV) is more stable as T acquires nearest noble

gas configuration on loss of 4¢™. 1

(i) In case of transition elements, ions of the same charge in a given series show progressive decrease
in radius with increasing atomic number.

As the new electron enters a d-orbital each time the nuclear charge increases by unity. 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. 1

(iii) Iron and Chromium are having high enthalpy of atomization due to the presence of unpaired

electrons, which accounts for their hardness. However, Zinc has low enthalpy of atomization as it

has no unpaired electron. Hence, Zinc is comparatively a soft metal. 1

|CBSE Marking Scheme 2022]

Long Answer Questions

Each of the following guestions are of 5 marks.

Q. 1. (i) The elements of 3d transition series are given as:
Se Ti V Cr Mn Fe Co Ni Cu Zn
Answer the following:
(@) Which element has the highest m.p. and why?
(b) Which element is a strong oxidising agent in +3 oxidation state and why?
(c) Which element is soft and why?
(i) Write the equations involved in the preparation of potassium dichromate from sodium chromate
(Na,CrOy). [CBSE (F) 2016]
Ans. (i) (a)Cr, the highest melting point of Cr is attributed to the involvement of greater number of
electrons(3) from 3d in addition to 4s electrons in interatomic metallic bonding.
(b)Mn, because the change from Mn* (d4) to Mn** (ds) results in the half filled configuration
which has extra stability.
(e)YZn, in Zn (3d '° 45%) all the electrons present in d-orbitals are paired and hence metallic bonds
present in it are weak. That is why, it is sofi.
(i) Sodium chromate is acidified with sulphuric acid to give a solution from which orange sodium
dichromate, Na,Cr,047.2H,0 can be crystallised.
2Na,CrO; + 2H" —— Na,Cr;0; + 2Na* + H,0
Sodium dichromate is more soluble than potassium dichromate. The latter is therefore, prepared by
treating the solution of sodium dichromate with potassium chloride.
Na,Cr,0; + 2KCl —— K,Cr,0; + 2NaCl
Q.2. (f) Isthe variability in oxidation number of transition elements different from that of non-transition
elements? Illustrate with examples.
(i) Give reasons:
(a) d-block elements exhibit more oxidation states than f-block elements.
(b) Orange solution of potassium dichromate turns yellow on adding sodium hydroxide to it.
(¢) Zirconium (Z = 40) and Hafnium (Z = 72) have almost similar atomic radii.
[CBSE Sample Paper 2017]
Ans. () In transition elements, the oxidation states differ from each other by unity, e.g., Fe** and Fe?* etc.,
while in non-transition elements (p-block elements), the oxidation states differ by two, e.g., Pb*™ and
Pb™, etc.
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In transition elements the higher oxidation states are more stable for the heavier elements in a group,

e.g.. Mo(V1) is more stable than Cr(VI) whereas in non-transition elements (p-block elements), the

lower oxidation states are more stable for heavier elements due to inert pair effect, .g., Ph(II) is more

stable than Ph(IV).

(if) (a) d-block elements exhibit more oxidation states because of less energy gap between d and

s-subshell whereas f~block elements have large energy gap between fand d-subshell.

(£) On adding NaOH, pH of solution increases and the orange colour of the solution changes to
yellow due to conversion of dichromate ion to chromate ion.

Cr,07 +20H° == 200} +H,0
Dichromate ion Chromate ion
{Orange) (Yellow)

(c) This is due to filling of 4f~orbitals which have poor shielding effect (Lanthanoid contraction).
Q.3 (i) Account for the following:
(@) E° value for Mn**/Mn** couple is much more positive than that for Cr>*/Cr™.
(2] Sc is colourless whereas Ti** is coloured in an agqueous solution.
(¢) Actinoids show wide range of oxidation states.
(if) Write the chemical equations for the preparation of KMnO, from Mn0O,. [CBSE 2023 (56/2/1)]
Ans. () (@) Mn**(3d°4s") has more stable configuration than Mn**(34%4s%) while Cr**(3d°45") is more stable
than Cr*(3d°s"). Consequently large third ionsiation enthalpy is required to change Mn™" 1o
Mn**. As ApH = A g H + AH + AyyaH and E° is a measure of ApH, therefore £° for Mn**/Mn?*
couple is much more positive than Cr™*/Cr™".
(b) This is due to d—d transition of electron. Ti* has one electron in d-orbital (fzgleg") and
absorbs energy corresponding to blue green region and jumps from f»g to eg., set of d-orbitals
(t;g eg’ —— g eg' ). Consequently appears violet in colour. As Sc**(3d°45°) has no electron
in the d-orbitals therefore it is colourless.
(c) This is due to very small energy gap between 5f, 6d4 and 7s subshells.
(ii) KMnQy is prepared from MnO, in two steps.
(@) Conversion of MnO, into K,MnO, by fusing with KOH in the presence of air or oxidising agent
like KCI1O, ete.
2MnO, + 4KOH + O, —— 2K,MnO, + 2H,0
Pyrolusite Potassium manganate
or 3MnO, + 6KOH + KCIO, —— 3K ,MnO, + 3H,0 +KCl
(b) Oxidation of K;MnO, to KMnO, electrolytically or chemically with Cl,, CO, etc.
K,Mn0, == 2K + Mn0¥; H,0 =—= H' + OH

At anode : MnOi‘ — MnO; + ¢
Atcathode: H™ + ¢ —— %Hz

or 3K,MnO, + 20, — 2KMnO, + MnO,} + 2K,CO,

Q.4. (i) Compare non-transition and transition elements on the basis of their
(a) Variability of oxidation states
(b) Stability of oxidation states.
(ii) Give chemical reactions for the following observations:
(a) Potassium permanganate is a good oxidising agent in basic medium.
(b) Inter convertibility of chromate ion and dichromate ion in aqueous solution depends upon
pH of the solution.
(c) Potassium permanganate is thermally unstable at 513K. [CBSE Sample Paper 2013]
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Ans. (i) (a) Oxidation states of transition elements differ from each other by unity. In non-transition elements
oxidation states normally differ by a unit of two.

(b) In transition elements higher oxidation states are favoured by heavier elements whereas in non-
transition elements lower oxidation state is favoured by heavier elements.

(i) (a) MnO;+2H,0+3¢” —— MnO,+40H7] %2
I"+60H" —— 10;+3H,0+6e”

2MnO;+1"+H,0 —— 10]+2MnO, +20H"

Acid (pH less than 7
Alkali (pH more than 7)

(b) 2CrO5 +2H" Cr,077+H,0

513K
(¢) 2ZKMnO, ———— K,MnO,+MnO,+0,

Q.5. (i) In the titration of FeSQ, with KMnQ, in the acidic medium, why is dil. H,S0, used instead of
dil. HCI?
(i) Give reasons:
(@) Among transition metals, the highest oxidation state is exhibited in oxoanions of a metal.
(b) Ce'* is used as an oxidising agent in volumetric analysis. [CBSE 2019(56/2/3)]
(¢) Zn** salts are white while Cu®* salts are blue.
OR
‘Why is Cu®* ion coloured while Zn>* ion is colourless in aqueous solution?[CBSE 2020 (56/3/1)]
Ans. (i) Dil. H,S80, is an oxidising agent and oxidises FeSO, to Fe,(50,);. Dil. HCl is a reducing agent and
liberates chlorine on reacting with KMnO, solution.
Hence, the part of the oxygen produced from KMnO, is used up by HCI.
(i) (a) In these oxoanions the oxygen atoms are directly bonded to the transition metal.
Since oxygen is highly electronegative, the oxoanions bring out the highest oxidation state of the
metal.
k) Ce™ has the tendency to attain +3 oxidation state which is more stable and so it is used as an
oxidising agent in volumetric analysis.
(¢) Zn* ion has all its orbitals completely filled whereas in Cu™ ion there is one half-filled 3d-otbital.
Therefore, due to d-d transition Cu>* has a tendency to form coloured salts whereas Zn* has no
such tendency.

Q. 6. A violet compound of manganese (A) decomposes on heating to liberate oxygen and compounds (B)
and (C) of manganese are formed. Compound (C) reacts with KOH in the presence of potassium
nitrate to give compound (B). On heating compound (C) with conc. H,S0O, and NaCl, chlorine gas is
liberated and a compound (D) of manganese along with other products is formed. Identify compounds
A to D and also explain the reactions involved. [NCERT Exemplar] [HOTS]

Ans. A = KMnQ, (Potassium permanganate), B = K,MnQ, (Potassium manganate),

C = MnO, (Manganese (IV) oxide), D = MnCl, (Manganese (I1) chloride)
A

2KMnO,
()

MnO, +2KOH + KNO, —— K,Mn0, + H,0 + KNO,
© (B)y

MnO, + 4NaCl +4H, S0, —— MnCl, + 4NaHSO, +2H,0+Cl,
()]

K,MnO, +MnO, + 0,
(8) ©
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Q.7.

Ans.

Q.8.

Ans.

When an oxide of manganese (A) is fused with KOH in the presence of an oxidising agent and
dissolved in water, it gives a dark solution of compound (B). Compound (B) disproportionates in
neutral or acidic solution to give purple compound (C). An alkaline solution of compound (C) oxidises
potassium iodide solution to a compound (D) and compound (A) is also formed. Identify compounds
A to D and also explain the reactions involved. [NCERT Exemplar] [HOTS]
A = MnO, (Manganese (IV) oxide), B = K,MnO, (Potassium manganate),
C = KMnO, (Potassium permanganate), D = KIOs (Potassium iodate)
2MnQO, +4KOH + 0, — 2K,MnO, + 2H,0

(4) (B)
3K,MnO, + 4H" ——— 2KMnO, + MnO, + 2H,0 +4K"

()

2MnO; + H,0+KI —— 2MnO, + 20H™ +KIO,
) )

Assign reason for each of the following: [CBSE 2023 (56/1/1)]
(/) Manganese exhibits the highest oxidation state of +7 among the 34 series of transition elements.

(i7) Transition metals and their compounds are generally found to be good catalysts in chemical
reactions.

(ii)) Cr*is reducing in nature while with the same d-orbital configuration (d" Mn™ is an oxidising
agent.
(iv) Zn has lowest enthalpy of atomization.
(¥) Cu' is unstable in an aqueous solution.
(1) Mn(3£°45%) has 5 unpaired electrons in d-orbitals in its ground state. 1t exhibits the highest oxidation
state of +7 among the 3d-series of transition elements because in its excited state it transfers one
45 electron to 4p and attains a configuration 3d 4sl4p1.
(if) The catalytic activity of transition metals is attributed to the following reasons:
(a) Because of their variable oxidation states, transition metals form unstable intermediate compounds
and provide a new path with lower activation energy for the reaction.
(b) In some cases, the transition metal provides a suitable large surface area with free valencies on
which reactants are adsorbed.
(i) Cr is reducing as its configuration changes from d* to &, the latter having a more stable half-filled
t,g level. On the other hand Mn®" is oxidising because the change from Mn** to Mn®" results in the
half-filled (ds) configuration which has extra stability.

(iv) In the first transition series, Sc to Zn all elements have one or more unpaired electrons excepts Zn
(3dm4s2) which has no unpaired electron.
Hence metallic bonds are weakest in zinc. Therefore it has lowest enthalpy of atomisation.

(v) In aqueous solution Cu” undergoes disproportionation to form a more stable Cu* ion.

20" (ag) —— Cu®(ag) + Cu(s)

The higher stability of Cu®* in aqueous solution may be attributed to its greater negative Apa H”
than that of Cu*. It *more than compensates’ the second ionisation enthalpy of Cu involved in the
formation of Cu®* ions.

(i) Account for the following:
(a) Transition metals form large number of complex compounds. [CBSE 2019 (56/2/1)]
(b) The lowest oxide of transition metal is basic whereas the highest oxide is amphoteric or acidic.
(¢) E® value for the Mn**/Mn** couple is highly positive (+ 1.57 V) as compare to crice®.

(ii) Write one similarity and one difference between the chemistry of lanthaneid and actinoid
elements. [CBSE Delhi 2017]
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Ans.

(i) (a) The tendency to form complex compounds is due to: 1
— Small size and high charge on metal ion.
—The availability of d-orbitals for accommodating electrons donated by the ligand.

(b) In low oxidation state of the metal, some of the valence electrons of the metal atom are not
involved in bonding. Hence, it can donate electrons and behave as a base. On the other hand,
in higher oxidation state of the metal, valence electrons are involved in bonding and are not
available. Instead effective nuclear charge is high and hence it can accept electrons and behave

as an acid. 1

() Much large third ionisation energy of Mn (where the required change is stable half filled & 1o
d%is mainly responsible for this. 1

(if) Similarities 1

— Both show mainly an oxidation state of +3.
— Actinoids show actinoid contraction like lanthanoid contraction is shown by lanthanoids.
— Both are electropositive and very reactive.
(Any one)
Differences 1
— Except promethium (Pm) lanthanoids are non-radioactive whereas actinoids are radioactive.
— Lanthanoids do not form oxocation whereas actinoids form oxocation.
— Lanthanoids have less tendency towards complex formation whereas actinoids have greater
tendency towards complex formation. (Any one)
[CBSE Marking Scheme 2017

Q. 10. Assign reasons for the following:

(i) The enthalpies of atomisation of transition elements are high.

(if) The transition metals and many of their compounds act as good catalysts.
(iif) From element to element, the actinoid contraction is greater than the lanthanoid contraction.
(iv) The E° value for the Mn™/Mn** couple is much more positive than that of Cr*/Cr?*.

{v) Scandium (Z = 21) does not exhibit variable oxidation states and yet it is regarded as a transition

element. [CBSE 2019 (56/2/3)]
(7) This is because transition metals have strong metallic bonds as they have a large number of unpaired
electrons.

(if) The catalytic activity of transition metals is attributed to the following reasons:
(a) Because of their variable oxidation states, transition metals form unstable intermediate compounds
and provide a new path with lower activation energy for the reaction.
(b) In some cases, the transition metal provides a suitable large surface area with free valencies on
which reactants are adsorbed.
(iii) Thisis due to poorer shielding by Sf-electrons in actinoids than that by 4f-electrons in the lanthanoids.
(iv) This is due to much larger third ionisation energy of Mn as Mn™" is very stable on account of stable
d® configuration.
(v) This is because scandium has partially filled d-orbirtals in the ground state (Sd1 432).
(1) Name two oxometal anions of the 3d-series of the transition metals in which the metal exhibits
the oxidation state equal to its group number.
(if) What is the effect of increasing pH on a solution of K,Cr,0,?
(iti) Why is Cu” not stable in aqueous solution?
(iv) Name a member of lanthanoid series which is well-known to exhibit + 4 oxidation state.
(v) Name two elements of 3d-series which show anomalous electronic configuration.

[CBSE 2023 (56/4/2)]



Ans. (i) Chromate CrOi‘

Questions for Practice

The oxidation state of Cr is +6.
Vanadate V()f'
The oxidation state of V is +5.

(ii) Onincreasing pH or increasing the concentration of OH ions, Cr, 0?‘ (dichromate ions) convert into
chromate ions, CrOi’ >

7 - 2
Cr,07 +OH™ —— 2Cr0 +H,0

(éif) Cu™ ions undergo hydration to a greater extent than Cu* ions, in aqueous medium. So, Cu®* ions are
more stabilised than Cu” in aqueous medium. Owing to this driving force, Cu” ions disproportionate
to Cu®* and Cu ions in aqueous medium.

(iv) Ce*: [Xeldf %54%s"

(v) Chromium and copper show anomalous electronic configurations.
CrZ = 24) : 15°25°2p°3573p%4s ' 3d°
Cu(Z = 29) : 1572572p°3573p45'34'°

Choose and write the correct answer for each of the following.

T,

Why is HCI not used to make the medium acidic in oxidation reactions of KMnO, in
acidic medium?

(a) Both HC1 and KMnO, act as oxidising agents.

(b) KMnO, oxidises HCl into Cl; which is also an oxidising agent.

(¢) KMnO, is a weaker oxidising agent than HCL.

(d) KMnO, acts as a reducing agent in the presence of HCL.
Identify the incorrect statement among the following:

(a) Lanthanoid contraction is the accumulation of successive shrinkages.

(b) There is a decrease in the radii of the atoms or ions as one proceeds from La to Lu.

(c) As aresult of lanthanoid contraction, the properties of 4d-series of the transition elements

have no similarities with the 5d-series of elements.

(d) Shielding power of 4f-electrons is quite weak.
In acidic medium, one mole of MnQO, ion accepts how many moles of electrons in a redox
process?

(@) 1 (b) 2 ©5 6
Which of the following ions has the eleectronic configuration 3d%? (Atomic number :
Mn = 25, Co = 27, Ni = 28) [CBSE 2023 (56/5/2)]
(@) Ni** (b) Co™ (¢) Mn%" (d) Mn®
The oxidation state of Fe in [Fe(CO);] is
(@) +2 ® 0 () +3 (d) +56

In the following questions, two statements are given—one labeled Assertion (A) and the other labeled
Reason (R). Select the correct answer to these questions from the codes (a), (b), (c) and (d) as given below:

(a)

®)

(€}
@)

Both Assertion (A) and Reason (R) are correct statements, and Reason (R) is the correct explanation of
the Assertion (A).

Both Assertion (A) and Reason (R) are correct statements, but Reason (R) is not the correct explanation
af the Assertion (A).

Assertion (A) is correct, but Reason (R) is incorrect statement.

Assertion (A) is incorrect, but Reason (R) is correct statement.

————————————————— —— —— -
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10.

12.

13.

14.

15.

16.

17.

18.

Assertion (A) : Separation of Zr and Hf is difficult.
Reason (R) : Because Zr and Hf lie in the same group of the periodic table.
Assertion (A) : Actinoids form relatively less stable complexes as compared to lanthanoids.

Reason  (R) : Actinoids can utilise their 5f-orbitals along with 6d-orbitals in bonding but
lanthanoids do not use their 4f-orbital for bonding.

Assertion (A) : Cu cannot liberate hydrogen from acids.
Reason  (R) : Because it has positive electrode potential.
Assertion (A) : Transition metals form complexes.

Reason  (R) : Transition metals have unpaired electrons.
Assertion (A) : Transition metals are strong reducing agents.

Reason  (R) : Transition metals form numerous alloys with other metals.

Answer the following questions:
11.

(i) Caleulate the magnetic moment of a divalent ion in aqueous solution if its atomic number
is 25.

(zz) While filling up of electrons in the atomic orbitals, the 4s-orbital is filled before the
3d-orbital but reverse happens during the ionisation of the atom. Explain why.
[NCERT Exemplar]
Explain the following observations:
(7) Colour of KMnO, disappears when oxalic acid is added to its solution in acidic medium.
(i1) A green solution of potassium manganate turns purple when CO, gas is passed through
the solution.
Assign suitable reasons for the following:
(i) The Mn?* compounds are more stable than Fe?* towards oxidation to their +3 state.
(ii) Sc* is colourless in aqueous solution whereas Ti*" is coloured.
(iii) The highest oxidation state is exhibited in oxo-anions of a metal. [CBSE (F) 2014]

(z) Why are fluorides of transition metals more stable in their higher oxidation state as
compared to the lower oxidation state?
(i) Which one of the following would feel attraction when placed in magnetic field: Co™, Ag*,
T In*2
(ii1) It has been observed that first ionization energy of 5d series of transition elements are
higher than that of 3d and 4d-series, explain why? [CBSE Sample Paper 2022]
Complete the following reactions:

(#) MnO, + KOH + 0, —
@) I" + MnO; + HY —
(i) Cr,0% + 8n™ + HF — [CBSE 2019 (56/4/1)]
(i) Silver atom has completely filled d-orbitals in its ground state, it is still considered to be
a transition element. Justify the statement.
(ii) Why are E$2+M values of Mn and Zn more negative than expected?
(iit) Why do transition metals form alloys?
When a brown compound of manganese (4) is treated with HCl it gives a gas (B). The gas taken
in excess, reacts with NH, to give an explosive compound (C). Identify compounds A and B.
[NCERT Exemplar] [HOTS]
(i) Which ion amongst the following is eolourless and why?
Ti4+, CI‘3+, V3+
(Atomic number of Ti = 22, Cr = 24, V = 23)
(if) Why is Mn®* much more resistant than Fe?" towards oxidation?

(iit) Highest oxidation state of a metal is shown in its oxide or fluoride only. Justify the
statement.
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19,

20.

21.

22,

23.

24,

When pyrolusite ore MnQO, is fused with KOH in presence of air, a green coloured compound
(4) is obtained which undergoes disproportionation reaction in acidic medium to give a purple
coloured compound (B).

(i) Write the formulae of the compounds (A) and (B).

(ii) What happens when compound (B) is heated? [CBSE (South) 2016]

(i) With reference to structural variability and chemical reactivity, write the differences

between lanthanoids and actinoids.

({{) Name a member of the lanthanoid series which is well known to exhibit +4 oxidation state.

(iii) Out of Mn?*" and Cr®', which is more paramagnetic and why?
(Atomic nos.: Mn = 25, Cr = 24)

On the basis of lanthanoid contraction, explain the following:

(1) Nature of bonding in La,0, and Lu,0,.
(i2) Trends in the stability of oxo salts of lanthanoids from La to Lu.
(iii) Stability of the complexes of lanthanoids.
(iv) Radii of 4d and 5d-block elements.

(v) Trends in acidic character of lanthanoid oxides.

(i) Describe the preparation of potassium permanganate from pyrolusite ore. Write
balanced chemieal equation for one reaction to show the oxidizing nature of potassium
permanganate.

(1) Draw the structures of chromate and dichromate ions. [CBSE Sample Paper 2017]

(i) Atransition element X has electronic configuration [Ar] 45 3d°. Predict its likely oxidation
states.

(i1) Complete the reaction mentioning all the products formed:
2KMnO, —2—
(ii1) Account for the following:
(a) In the 3d transition series, zinc has the lowest enthalpy of atomisation.
(b) Cu* ion is unstable in aqueous solution.
(¢) Actinoids show more number of oxidation states than lanthanoids.

6)

=

Aceount for the following :

1. Zn®" salts are colourless while Ni** salts are coloured.

2. Cr?* is a strong reducing agent.

3. Transition metals and their compounds show catalytic activities.

(ii) Write the ionic equations for the oxidizing action of MnOj in acidic medium with
1.1” ion,and 2. Fe¥ Ion.

Answers
1. (b) 2.(0) 3.(0) 4.(b) 5.(b) 6. (b) 7.(d) 8. (a) 9.(h) 10.(d)



