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Geweral Characteristics of Transition Elements

Electronic Configuration § Periodic Trends

o Transition elements tncomepletely fill d-orbitals, lending to unique
properties.

* Across the period, atomic and tonie radii decrease due to incrensing
nuclear charge.

* Density and hardwess tnerease with atomic number due to stronger
metallic bonding.

variable Oxidation States
* Due to the participation of both (n-1)d and ns electrons in bonding.
® Common oxidation states:

oSe— +3

oTL— +2, +3, +4

oMn — +2, +3, +4, +6, +7

oFe— +2, +3

oCu— +1, +2

Metallic Bownding:
Transition elements exhibit metallic bonding due to their hexagonal
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close-packed (hep), eubic close-packed (cep), or body-centred cubic
(bee) crgstat Lattices. This bonding arises from the presence of one or
two electrons tn the outermost energy Level (ns) and unpaired d-
electrons.

lonisation Bnergles:

lonisation energy generally tnereases with atomie number, though
not in a regular pattern. For 5d-elements, lonlsation energies are
higher compareol to 4d- and zd-elements due to a greater effective

nucelenar charge caused by poor shielding by 4f-electrons.
=

Electrode Potential (€°):
The stanolard electrode potential, depends on three factors:

o Heat of Sublimation - The energy required to convert the solid metal
lnto gaseous atomms.

* Heat of lonizatlon - The energy required to remove electrons from the
gaseous wmetal atoms to form lons.

* Heat of Hydration - The energy relensed when gaseous metal Lons
dissolve in water to form hydrated Lons.

g (v 1)

High Melting and Boiling Polnts:

Transition wmetals have high welting and boiling polnts because of
thelr strong metallic bonds. The melting polnt tnitially tnerenses
with atomic number, peais, and thew decreases as the atomic number
rises further.

Complex Formation:
Transition metals form numerous complexes due to the availability of
vacant d-orbitals, small atomic size, and high charge density.
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Magwetic Properties:
These elements are paramagnetic owing to unpaired electrons. The
magwnetic moment () Ls determined using the spin-only formula:

Ue = (n(n+2) BM

wWhere n Ls the vumber of unpalred electrons.

ALLog Formation:
Transition elements form aLLogs due to thelr similar atomle vadil.

nterstitial Compownds:

They form lnterstitial compounds by accommodating small atoms in
the empty spaces within thelr crystal Lattices.

Table 1: Nature of Transition Metal Oxides

Metal Oxiole
BAasic Awmphoterie  Acldic
SC Sep03 - -
TL Tio, Tiy0s T, - -
Vo VO, Va0 VO, V405 95
cr v CraO3, CYOy  CrOsz 24
M MO Mg Og, MINOo| M, O ‘Qg
Fe FeO, FepO3, Fe304- -
Co CoO - -
NiL  NLo - -
Cu  CuyO, CUO - -
Zn | Zn0o - -

Table 2: Relationship Between Oxidation Number and Ac’wlitgj

Oxide MnO M0, MO, M0
Nature Baste Amphotev’w Ampl/]oter’uc Acldle

Note: Acldic strength of oxides of a transition metal bncreases with
Lnerease b its oxtolation nuumber.

Color of d-Block Elements (Transition Metals)

reason for Color

The color of d-block elemments is due to the d-d electronic transitions
within the partially filled d-orbitals.

Whew Light falls on a transition metal Lon, some of the Light energy
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Ls absorbeol to promote an electron from a Llower d-orbital to a higher o-
orbital (this ls called d-d transition).

The remaining light is transmitted, and we see the complementary
color of the absorbed wavelength. J! q;\@\‘i()‘z-
Color of Some Common d-Block lons

lon Aqueous Solutlon Color
<e=t Colovless (No d-electrons)

T2t Pwpte \\
4t _ ‘Ov
TL Colorless (No d-electrons) fuﬁ ovf‘k ‘1

vat Violet 3 V
vat qreen g
vor* V) Blue (p\puﬂ\l/s
VO3~ (V%) Yellow N Coﬁou”‘)
crat Blue ([7 Mefe

Aneo
cy=t qreen

Crp052~ | (Dlchromate) Orange

CrO42~ (Chromate) Yellow

Mzt Pale Plnlke

MOy~ Green

Mnoy,~ | (Permanganate) Purple

Fe=2" qreen

ezt Yellow/ Brown

co=* Plnk

coz* Blue

Ni=* qreen

cu=t Blue

Znz* Colorless (Full d'® configuration)

Colorless Lons (sc=*, TI*, Zn=*) have no wnpaived electrons anol
hence no d-d transitions oceur.
The observed color Ls the complementary color of the absorbed Light.

b o o p > ieelt Reducttor
K2Cra05 (Potassium Dichromate)
Preparation
® 4FeCra04 + ENARCO3 + F0y — SNARCIO, + 2Fe03 + SCO,
® DNLCKOL + HaSO4 — NOaCra0Oy + NSO, + HpO
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® NiyCra0O7 + 2K CL — KaCrO7 + 2Nacl

GTWL |

Structure

® Contains the dichromate Lon (Cra0727)

* Two tetrahedral CrO, units sharing one oxygen atom

* Cr-O-Cr angle Ls approximately 126°

* Each chromlum atom is survounded by four oxygen atoms in

tetrahedral arrangement 0 6
o A
aC o/ C/ﬁ’\/@/ \\O\O
0

Properties
1. Physical Properties:
o Orange-red crystalline compound
o Moderately soluble tn colod water
o Freely soluble tn hot water
2. Chemical Properties:
o Thermal Decomposition: 4 K,Cra07 — 4KCr04 + 2Cr03 + 20;
o Reaction with Alkall:
" Changes from orange-red to Yyellow due to chromate formation
" K ,Crp0r + 2KOH — 2K 0104 + HpO
o Chrowmate-Dlehromate Equilibrivum.:
" Interconvertible by changing pH
" Actdification converts yellow chromate to orange dichromate:
2K 2CrO4 + HoSO4 — KaCrpOg + KaSO, + HR0O
" Represented bg the equilibrivum: 2CrO42" + 2HY 2 Cro2” + HaO
H20 (yellow) (orange) \/
o oxidizing Power:
= Powerful oxidizing agent, especially tn acidic medivm
" One mole of KaCraO7 in dilute HaSO4 provides three weoles of
nascent oxygen
B K oCrp07 + AHp S04 — KaSOy4 + Cra(S04)3 + 4H0 + 2[0]
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X ,
KMwnOy4 (Potassivum Permanganate)

Preparation b
e 2K LI MO, + 2HRSO4, — Q_K/M‘\'V\/Ozl_ + M‘IEI,EZ + 2K2S0O4 + 2H0

Structure ’ \\ N
® Contains the permawga\vy’cé Lonn (Mnoy4") / Mn ~
* Tetrahedral geometry % \ P

* Manganese Ls either sp= or soi= hybridized O~ - )
o can be considered as o mixture of sp= and sd= hybridization

Properties
1. Physical Properties:
o Bark purple cr@s‘cau’mé compound
o Moderately soluble in water, forming a purple solution
o Sotubit’u‘cg Lnereases with temeperature
2. Chewdleal Properties:
o Thermal Decomposition:
" DECOMPOSES At 200°C: 2KMNO, — KaMnOy + MO, + O,
o Reaction with Alkalls:
" Decompos@y«pom heating with alkalies: 4KMnO4 + 4KOH —
AK MO 4 + 2HR0 + Oy
o oxidizing Nature:
" Strong oxtdizing agent n various wmedin
" (0 Aclodie Medium: 2KMNO, + 2HLSO4 — KaSO4 + 2MNSOy,
+ 2H,0 + 5[0] or: MOy~ + SHY + 527 — M2t + 4H,0
" (0 Alkaline Medium: 2KMnO, + Hy0 — 2MnO, + 2KOH +
2[0O] or: 2MO,~ + HHRO + 2T — QMJQ‘)Z + 20H + z[O]
" (0 Neutral or weak Acldic Solutlon: MnO,™ + 2H0 + 2¢7 —
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MVLOZ + 40H"

f-BLOCK ELEMENTS (INNER-TRANSITION ELEMENTS)
General Characteristics
* Consists of two series:
1. Lanthanldes (lLanthanolds)
2. Actinldes (actlnotds)
Lanthanides
Electronic Configuration
o ceneral outer electronic configuration: 4A 412 5001 gz

Element Details

Elewment Atomic wunmber Electronic configuration Oxidation states
La 5F [Xel5dtes= +z=

ce 58 [Xel4f50ios2 +z=, +4

Pr 59 [Xel4f=6s? +3, (+4)

N eo [Xel4ftes? (+2), +=, +4
P &1 [Xel4fes? +z

Sm o2 [Xel4fes? (+2), +=

Eu 63 D(g]4{7@52 +2, +=

ol o4 [Xel4f 501652 +z

o &5 [xel4fes? +3, +4

DY e [xel4f:%6s2 +=, (+4)

Ho oF [Xel4fitese +=
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Ev &8 [Xel4f12es2 +=

T &9 [Xel4f=esz (+2), +3
Yo FO [xel4f:tec= +2, +2
L F1 [)(@]4{1450{1@52 +=

Lanthanlde Contraction
 Deflnition: The decvease in size of atoms and Lons with Lnerease in
atomic number tn the lanthanide series
* Results from poor shieloing effect of f-electrons
Consegquences of Lanthanide Contraction
1. Chemical Effects:
o Decrense tn basic strength of oxides and hydroxides from La to Lu
o Similar chemlical properties across the series
o slight incrense in electronegativity of trivalent tons from La to

L N
o small increase tn standard electrode potential values from La to
e
L

2. Physical Bffects:
o Decrease L atomie and Lonie vaolil
o lnerease Ln density
O lnerease n melting and botling polnts
o Enhanced metallic character

Gewneral Properties of Actinides 5‘{ -t [)d 0 18 g

A, Oxidation States

e Multiple oxidation states: Several oxidation states ave formed for
each of the earlier memtbers of this series

* Transition element similarity: Some actinides show great
resemblance with elements of the transition series

* Examples:
o Thorium shows a stable oxidation state of +4 and behaves like

elements of Group 4
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o Uranium exhtbits an oxidation state of +6& and resembles in
many properties with elements of Group &
* Tremd in +3 state: The +3= oxidation state in actinoldes becones
nereasingly stable as atomic number tnereases

®B. Color and Paramagnetism

e Color origin: Ccatlons of actinides with two or more 5F electrons are
colored both Ln the crystalling state and tn aqueous solutions

* Examples:
ouM s green
o u=" is ved

* Magwnetic behavior:
o Catlons of actinides containing only paired electrons are

diamagwnetic

o All other lons with unpatred 5f electrons are paramagnetic

C. lonic Sizes

 Actinide contraction: Similar to lanthanide contraction, due to poor
shielding of the nuclear charge by 5f-electrons

o Trewd: lonie radil of trivalent cations decrease regularly with
lnerense tn atomie nunber across the seriles

reason for Color

The color tn f-block elevments arises due to -f electronic transitions
within the partially filled {-orbitals.

Stnce f-electrons are deeptg burted tnstde the atom (not exposed Like ol -
electrons), the energy gaps between f-orbitals are smaller.

The color Ls weaker compared to transition metals.

Color of Some Lanthanide lons

lon Coloyr

La=" Colorless

ce=* Colorless
cett Yellow
Pr=* qreen
Nol=* | Purple
sm=t Yellow

SEN Pk

ad=*| Colorless

Th=* qreen
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Dgfv* Yellow
Hop="* Plnk

Ev=" Plnle

Tzt Green

Yb3+ Colovless

Lo=", ce=", Gol=*, Lu=" are colorless as they have empty or completely
filled f-orbitals.

The colors are not as intense as transition wmetals because -f
transitions are forbidden by selection rules

(. Differences between Lanthanotos and Actinoids

Lanthanoids Actinotds

1. They show +2 and +4 They show higher oxidation states
oxidlation states tn few cases  of +4, +5, +& and +7 besides +
besides +3. 3.

2. Bxcept promethivm, they are  AlL actintdes ave radioactive.
non-radioactive.
2. They do not form oxo-tons. They form oxo-lons Like U022,
PUOL=T, UO," ete.
4. The compounds of Lanthanides Actinioe compounds are more

ave less baste. baslc./’

5. They have less tendency of They have greater tendency of
complex formation. complex formation.

Key Concepts of Transition and Lanthanide Elements
Color of Transition Metal lons

* Certain metal Lons are colorless due to empty d-orbitals, preventing d-
d transitions. Examples:
sc=t, T VY MY, er® — colorless (No d-d transitlons)
Some Lons exhibit color due to charge transfer spectra:
VO," — Pale Yellow
CrO42" — Deep Yellow
MO4~ — Intense Purple

o Wilkinson's Oa’caLgs’c m
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MWWy — INWCENSE VVLY’PL&
o Wilkinson's cataLgs’c

[RhCl(PPhg) sl Ls knowwn as Wilkinson's catalyst, featuring square
planar geometry and widely used tn the hydrogenation of alkenes.
* Oxidation States of Transition Elements

The highest oxidation state found n a transition element Ls +¢€.
Lower oxioation states (+2 and +3) tend to form lonic bonds, while
higher oxidation states form covalent bonols.

Transitlon metals can alsoe exhibit Low oxtdation states like 0 and +1.

* Blological mportance of Transition Elements /

Eleme [Blological =ole

nt

Fe Hemoglobin (Oxygen transport in blood), Myoglobin
. (Oxygen storage in muscles)

Cu Plastocyanin, Haemocyanin

Co vitamin Bqo

Zwn  [Carbonic Anhydrase

» Metallurgical and ndustrial Applications

* Annealing: Heatlng steel to ved-hot and cooling slowly malkes it soft.

* Tempering: Rapld cooling of heated steel (e.9., by plunging in ice-
cold water) malkes tt hard and brittle.

* Extraction of Stlver from Colns/Ornaments

* Dissolution:
Colns (Ag-Cu alloy) ave dissolved in HNO3, forming metal nitrates.
Separation:
Bolling removes excess HNO3, and treatment with HCL precipitates
Agcl, leaving cuz in solution.

* reduction of AgCl to Silver:
AQCL + Hp — Ag + HCL
4A0CL + 2NaCO3 — 4A0] + 4Nacl + 20, + O,
2A0CL + 2NaoH — AQ0 + 2Nacl + HO
A020 + Cet1206 — 2A0| + Cett1207 (Glucose — Gluconie Aclol)
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* Purification:
The extracted silver is purified by electrolysis.
oxidizing and Reducing Agents
ce** solutions act as strong oxidizing agents.
Eu=” and Y27 are strong reducing agents tn agueous solutions.

* Properties of Lanthanides
Paramagnetism: ALl Lanthanide lons (except La=", Lu=", ce*) are
paramagnetic.
Cowmplex Formation:
(NH3)6Crog (formed tn ammoniacal solution of K2Cra07) Ls dark
red-browwn due to Cr(lv).
ndustrial Uses:
Lanthanwm oxides are useol for polishing glass.
Neodymivwm § Praseodymivm oxides are used in making colored
glass for goggles (absorbing yellow sodium Light, useful for
olassblowers.

* Catalytic Applications:

o Lanthanides serve as catalysts tn hydrogenation, dehydrogenation,
ete.

* Medical Use:

* Thorlum salts arve used tn concer treatment.

* Transition and Non-Transition Elements

* ALl transition elements belong to the d-block, but Zw, cd, and Hg are
not considered true transition elements due to thelr full o'
conflguration.

e Color and Stability of Salts
® FeSO4 Ol CUSOy oppear white Ln the awhgdmug state because of the
absence of crystal field splitting, despite having unpatred electrons.

* Stability of Copper lons:

e cuzt (2d?) Ls wore stable than cu® (zd2°) in agueous solutions:

e e (Curt/cu) = 0.24 v, while e°(Cu’/Ccu) = 0.54 V.

o cu’ Ls more stable in presence of Large anlons.

® Cul Ls more stable than Culy, and CUCN Ls morve stable than Cu(CN) 5.
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* Interesting Facts

* Tungsten (W, Atomic No. 74) has the highest melting point (z410°
C).

* Mereury (Hg, Atomic No. €0) has the Lowest melting polnt (-32.9°C)
among o-block elements.

e Technetium (Te, Atomic No. 432) was the flrst thﬁamu@ createo
element.

JEE Main Questions

Ruestion 1 (JEE Main 2019)

The correct order of magnetic moments (spin only values in ®.M.)
among the following Lons Ls: @ o
(2) Mn=* > cr=t > B > Ti=t MI\MI _23d& 4S8
(b) Ti=* > cr=* > Fed > Mt

;;)(F33>sz+>cr3+>ﬁ3+ C ot /ﬁqg
’ 7

Mn2t > Fe" > o=t > Tt

o) O+
W /\? ( F@q‘“ 50\[ 49
= b;{q |

=

’ 3 /b -
GZMCStL/DV\IS (JEE Main 2021) o 7 o /
The oxtdation states of chvomium bn K3[Cr(Ca04)3] and Ka[CrO4] ave
vespect”weL Y:

) +eand +6& N = (0)
3 -2
\L@ﬂgam{ +e 5(}[—0—!—90‘\' C

(c) +& avw(‘ +z= Y _b =
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Wtz and +o S(r))TA T T

(¢) +eand +3 _,L =0
() +=zand += ?D)(L < - +b _3
;(J(g(;‘\’t 9)40
T = ‘f‘g -2
IC= TL

JEE Advanced uestions
Ruestion 4 (JEE Advanceo 2018)
Awmong the following, the number of compounds that Liberate CO4 on

treatment with dilute acld 1s: KoCO3, NaxOq, Feu (CO3)3, BAO,, COO,

ra2yQ) O < 0 ® 6
(a/ ()4 ()5

Ruestion & (JEE Advanced 2017)
ldentify the correct statements from the following:

@ The Lanthanide contraction is responstble for the fact that the
atomlc vadil of Zv ano Hf are abmost Lolentical

V(,M/T he actinloes exhiblt move oxtdation states thaw the lanthanides

(X In the Lanthanide series, the Lonie radius of Eu=" Ls lavger than
thatof Laz"

I miallamia i A sr Lavins anlnind Tnii s danamiimrn sl bl LMl ad L o adaital ~
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) WU LV LUVVLYTUVLLNE SEYLES, LYIE LOVUWWL Y UULUS UT cu=

that of La=*
&@T{Law’cm nides form colored Lons because of partly filled f-orbitals

LS turyer Lrinvy

Ruestion 7 (JEE Advanceo 2020)
which of the following statements Ls/ave correct?
() e lon is good oxidizing agent
) Eu=t lon Ls a good reducing agent / /7@
(sz magwnetle moment of Gol=* @L@mr thaw that of Eus?
) The basiceity of Ln(OH) 3 decrenases from La to Lu
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Ruestion £ (JEE Advanced 2021)
Whenw Mino,~ reacts with SO, L actdic medium, the oxtdation state
of M changes {mm

@WF7to +2 (b) +7to +4 ;2§\+4 to +7 (Q?)QN to +2

nO;, t 82, + Ha0 —> ton>7
2 50q ‘[’<f/'f+



