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4

d- AND -BLOCK ELEMENTS

are called d-block elements. All the d-block elements
except Zn, Cd and Hg, are transition elements. These
elements have completely filled d-subshell in their ions,
that is why they are not considered as transition elements.

ELEcTRONIC CONFIGURATION
0-2

General configuration : (n - l)dHr‘I ns
Here, (n — 1) stands for inner shell and # for outermost
shell or s-orbital.

As half-filled (d”) and fully filled (d'’) configurations are
more stable. So, Cr and Cu show exceptional electronic
configuration in 3d-series.

® The d-block of the periodic table contains the
elements of the group-3 to 12 in which the d-orbitals
are progressively filled in each of the four long periods.
e Inf-block, 4f- and 5f-orbitals are progressively filled.
These elements are formal members of group-3 but

they have taken out to form a separate f-block of the
periodic table.

CHEmiISTRY OF d/-BLock ELEMENTS

Elements which have incompletely filled d-subshell in
their ground state or in any one of their oxidation states,

First Transition Series | Second Transition Series

Fourth Transition Series

Third Transition Series ‘

Sc (21) = [Ar]3d'4s”  Y(39) = [Kr] 4d'55> La(57) = [Xe] 4f " 5d"6s” | Ac(89) = [Rn]5f" 6475’

Ti(22) = [Ar]3d%4s® | Zr(40) = [Kr] 4d%5s° Hf(72) = [Xe]4f'*5d°6s* | Rf(104) = [Rn] 5f** 64°7s”
V(23) = [Ar]3dP45> Nb(41) = [Kr]4d"5s’ Ta(73) = [Xe]4f'*54°6s* | Db(105) = [Rn] 5f'* 6475
.Cr(24):*[Ar]3d54sl Mo(42) = [Kr]4d’5s" W (74) = [Xe] 4f *5d"6s* | Sg(106) = [Rn]5f"* 6d'7s'
| Mn(25) = [Ar]3d°4s* | Tc(43) = [Kr]4d®5s? Re(75) = [Xe]4f'454% | 'Bh(107) = [Rn]5f"* 6d°75’
| Fe(26) = [Ar]3d°4s* | Ru(44) = [Kr]4d’5s" Os(76) = [Xe] 4f145d665 ' Hs(108) = [Rn] 5f* 6d°7s°
Co(27) = [Ar]3d’4s  Rh(45) = [KrJ4d®ss'  Ir(77) = [Xe] 4f"5d76s> | Mt(109) = [Rn] 5/** 64775
Ni(28) = [Ar]3d®4s®  Pd(46) = [Kr]4d'%s®  Pt(78)= [Xe] 47" 54%6s" | Ds(110) = [Rn]5f 675"

Cu(29) = [Ar]3d'%s'  Ag(47) = [Kr]4d"5s' | Au(79)= [Xe] 4f" 5d'%s' | Rg(111) = [Rn]5f*6d'%7s'

Zn(30) = [Ar]3d"%s® | Cd(48) = [Kr]4d'%s?  Hg(80) = [Xe] 4/*5d%s | Cn(112) = [Rn]5/*64!%75>
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GENERAL PROPERTIES OF d-BrLock ELEMENTS

Metallic Character
Due to presence of strong metallic bonds, the transition metals are hard, possess high densities and high enthalpies of
atomisation. Scandium has least density whereas Iridium has the highest density among the transition metals.

Atomic and lonic Sizes
Trends in atomic radii of transition elements

The atomic radii first 119 The elements of second and third
decreases, at the middle {18 transition series belonging to
becomes almost constant

|;._ i 147 a particular group have almost
and  then  increases £

| o B equal atomic radii. This is due to
L -series & + + +
tﬂﬁarjs the end of the DQZ: i - E the intervention of the 4f-orbitals
o - 2 .
pE N K ”*"(1 .,..-ﬁ:-f = || which must be filled before the 5d
In first transition series, 0. 344 R 14

series of elements begins. The filling

atomic radii decrease 3 ; ;
| : of 4f-orbitals before 5d-orbitals
from Sc to Cr, remain N S R VA S (I A I : :
| 16 S Ti V Cr Mn Fe Co Ni Cu Zn results in a regular decrease in
almost constant till Cu ) , . . .
| ==Y Zr Nb Mo Tc Ru Rh Pd Ag Cd atomic radii known as lanthanoid
aﬂd thEH mcreasc. »o»La Hf Ta W Re 0Os Ir Pt Au H.E cﬂntractiﬂn_

lonisation Enthalpy

¢ 'Theionisation enthalpy of d-block elements are higher than those of s-block elements and are lower than those
of p-block elements.

e Inaparticular transition series, ionisation enthalpy increases gradually but quite slowly among d-block elements.

e Extra stability of half filled and fully filled orbital give rise to high ionisation enthalpy.

Oxidation state Sc +3
® Variable oxidation states arise due to participation of (n - 1)d and i (+2),+3,+4
ns-electrons. Vo +2,+3,+4,+>

Cr (+1),+2,+3,(+4),(+5),+6

® The element which shows the greatest number of oxidation state
Mn +2,+3,+4,(+5),+6,+7

occur in or near the middle of the series, e.g., Mn °
o I d  daits Gebohdeh d i Fe +2,+3,(+4),(+5),(+6)
n + 2 and +3 oxidation states, the bonds formed are mostly ionic. Co +2,+3,(+4)
¢ In a group of d-block elements, the higher oxidation states are Ni +2,+3,+4
more stable for heavier elements. Cu +1,+2
® Low oxidation states such as +1, 0 or negative are also possible. . +32
Y =#3 La +3
Zr (+3),+4 Hf (+3),+4
Nb (+2),+3,(+4),+5 Ta (#2),(+#3),(+4),+5
Mo +2,+3,+4, +5,+6 - W +2,(+3),+4,+5,+6
Tc +2,+4,(+5),+7 Re (-1),(+1),(+2),(+3),+4,+5,(+6),+7
Ru +2,+3,+4,(+5),(+6),(+7),(+8),0,-2 Os +2,+3,+4,+6,+8
Rh +2,+3,+4,(+6) R Ir %2,+3,+4,(+6)
Pd +2,(+3),+4 Pt +2,(+3),+4,(+5),(+6)
Ag +1,(+2),(+3) Au +1,+3
Cd +2 He +1,4+32

*Oxidation states, which are in brackets, are unstable while underlined oxidation states are stable.
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Standard Reduction Potential

® Lower the electrode potential i.e., more negative the standard reduction potential of the electrode, more stable
is the oxidation state of the transition metal in the aqueous medium.

Element Sc Ti V Cr Mn Fe Co Ni Cu /n
E, 2+ gy 0 VOlts (V) — | -1.63 | -1.18 | -091 | -1.18 | -0.44 | -0.28 | -0.25 | +0.34  -0.76
E:M3+ M2 in volts (V) -2.08 | -0.37 | -0.26 | -0.41 | +1.57 | 40.77 | +197 | — — -

1 ’

Trends in E

]

Trends in E

MM M3t 2t
® No regular trend due to irregular variation of e E°valueforSc’*/Sc* isverylowreflect the stability
ionisation energies and sublimation energies. of Sc>* which is due to noble gas configuration.
® Except copper, all other elements have negative ® FE°value for Mn”"/Mn*" is high shows that Mn**
reduction potential values. is very stable which is due to d” configuration.
e The values of E° for Mn, Zn and Ni are more e F° values for the redox couple M>*/M** indicate
negative than expected from general trend. Mn>* and Co’" are strongest oxidising agents.

Formation of Interstitial Compounds
® Small non-metallic atoms such as, H, B, C, N etc. are able to occupy interstitial spaces of the
lattices of the d-block elements to form interstitial compounds.

Colour
® Most of the compounds of transition metals are coloured in the solid as well as in aqueous solution.
¢ Colour arises due to d-d transition.

¢ Transition elements with completely filled or completely empty d-orbitals are colourless, e.g.,
Cu*, Ag', Au', Zn**, Cd*", etc.

Catalytic properties
—» ® Catalytic properties are due to unpaired electrons in their d-orbitals, e.g., V,0;, cobalt, Nj, etc.

Tendency to form complexes
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Due to small size, high nuclear charge and vacant d-orbitals they can accept lone pairs of electrons
donated by the ligands, e.g., [PE(CN)5]3_, etc.

Magnetic properties
¢ Most of the compounds are paramagnetic due to presence of unpaired electrons.

® U= \/n (n+2) B.M. where, n = number of unpaired electrons.

. : 1, £
® Magnetic moment first increases from d to d” and then decreases.

Alloy formation
Due to similar atomic radii and other characteristics, they form alloy very readily.
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Some ImporTANT Compounps oF d-BrLock ELEMENTS

Potassium Dichromate (K,Cr,0.) Potassium Permanganate (KMnO,)

Preparation : Preparation :
Na,Cr, 0, + 2KCl— K,Cr, 0 + 2NaCl 2MnO, + 4KOH + O, —— 2K,MnO, + 2H,0
3K, MnO, + 4HCl—— 2KMnO, + MnO, +
2H,0 + 4KCl
Properties : Properties :

® Orange coloured crystalline compound which is soluble 4 Deep purple coloured crystalline solid,

1n water. moderately soluble in water.

® On strong heating, it decomposes with the evolution of Gin Licatins, ibdecoipoica o sive O
3 2-

oxygen. A

4K, Cr,0,—> 4K,CrO, + 2Cr,0, + 30, 2KMnO, 777> K;MnO, + MnO, + O,

e With conc. H,S0O,, it gives Mn,O- which on
heating decomposes to MnQO,.

® On heating with alkalies, a yellow solution results due to
formation of chromate.

K,Cr,0, + 2KOH — 2K,CrO, + H,0 2KMnO, + 2H,S0,—— 2KHSO, + Mn,0O,,
(Orange) (Yellow) + H,O
® In the solution, dichromate ions exist in equilibrium with 2Mn, 0, A 4MnO, + 30,
AR ® In alkaline solution, it acts as an oxidising
2 OH™ g
Cr,0,”” + H,0 —— 2Cr0,” + 2H"; pH =4 agent.
H .
(Orange) (Yellow) 2KMnO, + H,0 Yeakdy allaline , )n1h0, +
® In acidic medium, it acts as a strong oxidising agent. 2KOH + 3[0]
(+6) ® In neutral solution, it acts as a moderate

2= + - 3+

® Chromyl chloride test : Test for chloride ion. FKMnO. + H-O — 2MnO. + 2KOH +
g Tt 2

When a mixture of a metal chloride and potassium 3[0]

dichromate is heated with conc. H,SO,, orange-red
e Inacidicsolution, it acts as a strong oxidising

vapours of chromyl chloride are evolved.
K,Cr,O. + 6H,S0, + 4NaCl — agent,

chromyl chloride 4 31—120 + 5[0]
CrO,Cl, + 4NaOH —> Na,CrO, + 2NaCl + 2H,0

Yellow soln.

Yellow ppt.
Uses : Uses :
® Asavolumetric reagent. ® Asastrong oxidising agent in laboratory.
® Preparation of several chromium compounds. e Alkaline potassium permanganate is known
® In dyeing, chrome tanning, photography, etc. as Baeyer's reagent used for the testing

unsaturation.

® Asadisinfectant and germicide.
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General electronic configuration: (n -2) f L=14 (5 —1)
go-1,2

LANTHANOIDS

CHeEmiISTRY OF f=BrLock ELEMENTS

The elements in which the last electron enters the anti-

penultimate energy level, i.e., (n — 2) f-orbitals, are

The elements in which the last electron enters one of the
4f-orbitals, are called lanthanides or lanthanons.

called f-block or inner transition elements.

Name of the elements  Symbol (Ln)  At.No. (Z) Electronic configuration Oxidation states
Lanthanum La 57 [ Xe] 5d'6s* +3

Cerium Ce 58 Xelaf'5d' 65 +3,+4
Praseodymium Pr 59 Xel4f” 5d°6s° +3,+4
Neodymium Nd 60 Xel4f*5d"6s” I G IR
Promethium Pm 61 [ Xe] -'-1f55d O6s° +3
Samarium Sm 62 ;Xe]élfﬁSd Y6s? +2,+3
Europium Eu 63 Xel4af '5d"s” +2,+3
Gadolinium Gd 64 Xel4f ’5d'6s° +3
Terbium Th 65 Xel4f ’5d"6s” +3,+4
Dysprosium Dy 66 :XE:4f]G5dﬂ652 +3,+4
Holmium Ho 67 Xel4af '5d 65> +3

Erbium Er 68 Xelaf 1*5d"6s° +3
Thulium Tm 69 Xel4f ?54%:* +2,+3
Ytterbium YD 70 Xel4f 1*5d%:s* +2,+3
Lutetium Lu 71 Xe] 4f 1*5d '65° +3

*Underlined oxidation states are stable.

Lanthanoid Contraction Chemical Properties of Lanthanoids

Lanthanoid contraction 5 Tibaisiis
The regular decrease in atomic and ionic radii of o> L“z'c'::;i Z H, gas
lanthanoids with increasing atomic number, is known & < Q"@, ‘E &
as lanthanoid contraction. 2 0_—~ &
I LnCl, + NH, + H,O ) .
¥ Y iths | | halogens
Cause of lanthanoid Consequences of L5 € wih : e ———>LnX;
contraction lanthanoid contraction \
Lanthanoid contraction i@c’% i
is caused due to Due to dgcrease in :;SiZ'E' ) ﬂ;{'ﬁf“ oy
increase in nuclear from La’" to Lu’" , Ln,C, Ln,C, LnC, =
charge which outweighs | | the bflSiC strer?gth u N
the imperfect shielding ?if th‘?”: hydroxides
of f-electrons. iy Your favourite MTG Books/Magazines available in

Due to almost same
ionic radii, their
chemical properties are
similar. Hence, these
are difficult to separate.

48

Due to similarity in
size, 2"¢ and 3™ rows
of transition elements
resemble each other
more closely than do the
first and second rows.
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AcTinOIDS

Name of the elements Electronic configuration  Oxidation states
Actinium Ac 89 Rn]6d", 75> 43
Thorium Th 90 Rn]6d?, 75 +3,+4
Protactinium Pa 91 Rn]5f%, 6d', 7s* +3,4+4,+5
Uranium U 92 Rn]5f°, 6d', 75 +3,+4,+5+6
Neptunium Np 93 Rn]5f %, 6d', 75° +3,+4,+5,+6,+7
Plutonium Pu 94 Rn]5f°, 6d°, 75> 3. 4145 1617
Americium Am 95 Rn]5f7, 6d°, 75> +3,+4,+5,+6
Curium Cm 96 Rn]5f7, 6d', 7s* +3.+4
Berkelium Bk 97 Rn]5f°, 6d°, 75 +3,+4
Californium Cf 98 Rn]5f", 6d°, 75° T %3
Einsteinium Es 99 Rn]5f1, 6d°, 75° +2,+3
Fermium Fm 100 Rn]5f', 6d°, 75> #2343
Mendelevium Md 101 Rn]5f ", 6d”, 7s° +2,+3
Nobelium No 102 Rn]5f, 6d’, 75" 243
Lawrencium Lr 103 Rn|5f 4 6d!, 75 +3

*Underlined oxidation states are stable.

Comparison oF LanTHANOIDS AND AcTINOIDS Dissimilarities

Lanthanoids Actinoids

1.  Except promethium, All the actinides
all the remaining are radioactive.
lanthanides are
non-radioactive.

Similarities

® 'The elements of both the series show mainly +3
oxidation state.

e The elements of both the series are electropositive
in nature. They are reactive metals and act as strong

reducing agents. 2. Besides +3 oxidation Besides +3 oxidation
® Actinoids exhibit actinoid contraction like state, lanthanides state, actinides show
lanthanoid contraction. These contractions are due in some cases a variety of oxidation
to the poor shielding effect of electrons residing in show +2 and +4 states like +2, +4,
(n -2) f-orbitals. oxidation states. +5, +6 and +7.
® (Cations with unpaired electrons in both the series 3 | Oxides and Oxides and
are paramagnetic. hydroxides of hydroxides of
i lanthanides are actinides are
IN P less basic. more basic.
4.4 4.  Most of the Most of the tripositive
SH 1 H :‘fJf T S tripositive ions and tetrapositive
: are colourless. ions are coloured.
Transition Metal Silicides !
Transition metal silicides, a distinct class of Your favourite MTG Books/Magazines available in
semiconducting materials that contain silicon, PON chH ERHY at

*  Sri Sivagami News Agency - Pondicherry Mob: 9443074953

Visit “MTG IN YOUR CITY" on www.mtg.in to locate

_ _ _ nearest book seller OR write to info@mtg.in OR call
developments in electronic devices. 0124-6601200 for further assistance.

temperature stability and low corrosion rates,
which make them promising for a variety of future
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