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\ v ) d Block Elements ..l || | -
_f —_ . ccrm'lqlt

e d-block > Elements in d-block represent change or transition in properties from most
electropositive s-block elements to most electronegative p-block elements. Therefore, these
elements are called “Transition elements”.

AL

* Transition Elements —»> Elements whose outermost shell is|partially filled d orblt eitherin

ground state or in ionic form are only called as Transition Elements, that’s w @

transition metals or called as Pseudo Transition metals.

Account for the following: och( flu-td
Zrycg, Hﬁ are considered as d-block elements but ol-0nbit alg "‘T"‘“’
not as transition elements. (1/5,2020) dmw\d oH 10W,

£lade:



| Some Important Basic points

Half/fully filled orbitals are more stable as compared to generally filled.
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9 | Metallic Character

All the d-block elements are metals, have High M.P. and B.P. are good
conductors of electricity, are hard ductile and Malleable (Hg is an exception).
— Uq, at spom Termp
d-block elements shows both metallic and Covalent bonding. MY
LMetaluc |y T is due o +he potercnce ap [ 09 cde™ 1 owi=mart sheay '1
@:ovalent > Tt is due to the P’leﬂl‘? P""*‘“"‘( f'”cd d-Ostbital

More unpaired e in d orbitals — More Covalent/Metallic Bonding

¢ +h WA o
%and®re very hard Oy)lc to Roqggo"def”w Oe the

Zn, Cd, Hg are very soft due to ai:sence of unpaired e~ in d-orbitals.
Metallic character inc. down the group.
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| Atomic Radn

Ax

e Left — Right

As we move left to right in d-block, firstly size decreases due to increase nuclear
charge but from midway when screening due (n-1)d also increases the effect of inc.

nuclear charge got overshadowed by screening effect and then further no change in
atomic radii. but o the end due fo Moye S & 0 20 Flomic s0dii inc,

3 j 2 = e 2 o
Ex. ‘jgg‘>l{szgdl>‘{sz3j)t{sads~q33d N\{SS(’G'»L'SQ& ~‘1'§3§~(§3d‘ < L‘gg o
SC > Ti,, > Vo Cr~Mn ~ Fe ~ Co ~ Ni ~Cu £7n

%ﬁﬁméé&muﬁ%uéﬂmﬂdﬁ oot stnodas

dec. constant Inc.

'Nuclear Charge >Screening | | N. 'N.C=S.E 'N.C<S.E |




TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT

m Q'l

Lanthanide Contractlon ) )

The filling of 4f before 5d orbital results in a regular
decrease in atomic radii called Lanthanoid contraction.

Top —» Bottom

P\

l 04 107
Rf

The net result of the lanthanoid contraction is that the second and the third d series exhibit

similar radii (e.g., Zr 160 pm, Hf 159 pm) and have very similar physical and chemical properties
~Theu 0% hosdl o AcPoyate:

6d



I ATDB.uno ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY . DO NOT SHARE OR REDISTRIBUTE .

2. two statements are given - one labelled as Assertion (A) and the other labelled
as Reason (R). Select the correct answer to these questions from the codes (A),
(B), (C) and (D) as given below. (2024) K

(M/Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation of the Assertion (A).

(B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the correct
explanation of the Assertion (A).

(C) Assertion (A) is true, but Reason (R) is false.
(D) Assertion (A) is false, but Reason (R) is true.

Assertion (A) : Separation of Zr and Hf is difficult.

Reason (R) : Zr and Hf have similar radii due to lanthanoid contraction.
e ———”
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_Melting/Boiling Point«) ™ f? il il ANz Q’:m,,d

(;En‘thalpy of Atomisationi)

® As we move Left — Right,

M.P./ B.P. firstinc. and then decreases this is due to the fact that
initially unpaired e" in

d-orbitals inc. Therefore, more covalent/Metallic bonding Hence
strong bond but then further pairing up of d-orbitals taking place.
Hence less Metallic bonding & low M.P.

M.P. = Sc < Ti < V< (C)>Mn> Fe> Co> Ni>cU

l 2 3 6 Fig. 4.1: Trends in melting points of

transition elements

Atomic NUMDEr  c——

In general, greater the number of
valence electrons, stronger is the
resultant bonding and Hence higher
will be the enthalpy of atomization.

N(s) T\% M(q)

AH /kJ mol' =——>

Atomic number ——>
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e - - - 7 - Mlﬂ!")““’
Tonization Energles) 0;%@:@“"" TR ek @
) o

o o (P
As we move left to right, |.E. values increases but not regularly. = -
452310 | Stable X E_\
Fusd
& S APy

631 656 650 652 717 762 758 737 745 906

M ATDB.uno

I1I"Y |.LE. of Mn is very high because third e"is to be removed from a stable configuration

(Mn?*, 3d%) i.e half filled 3d-subshell. @ o
e TE un ¢ TE&a H“ e MN

X o 4o 3d Usad
Note : lI"|.E. of Cu and Cr is very high as compared to neighbouring elements. This is because of
the stable or fully filled or I(Iaﬂ\fllled configurations.

(U-1§ — Cu*(3d"0) ~\& —=<a

‘1&301'0 Cr*(3d5) (¢ — =

S ¥
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' Top to Bottom-

From 4d to 5d or from 5d to 6d series where differentiating e enters into
f-subshell which causes negligible screening effect (i.e Lanthanide contraction)
Hence due to More Nuclear charge |.E increases.
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1. Which one of the following first row transition elements is expected to have the

highest third ionization enthalpy ? (2024) I8 +  T€a
_ 7\ pe — \e\ —'—rFe -le '
(A) Iron (Z = 26) qt‘ad" Ys3d®

vQB’)/I\/[anganese (Z=25) Mn —16 =2 Mp! - 16252 un

_ ys3d> t,s'adg
(C) Chromium (Z = 24) F[alFfiw:d

(D) Vanadium (Z = 23)
ATDB.uno
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.  Why d-block elements shows variable Oxidation State

Transition elements shows variable oxidation states is due to the involvement of (n-1)d and outer ns
electrons in Bonding as the energy of ns and (n-1)d subshell are nearly equal.

The lower oxidation state is generally shown when only ns elections participate in Bonding and higher
oxidation states are exhibited when ns andi (n-1)d electrons Both take part in Bonding.

- -

Why some of the Oxi. State are more stable

NIE! 3t 2
o ol ' YD Due to hat filled dSconfig. e, Mn
| sz | s 2) Due to fully filled d'° config. zn**

3) Due to inert electronic config. ('® "1!1”
+6 4)4‘ Due to half filled t,, config. C4*3

V) ,
Neie O3 T / ‘me?/

'Sc & Zn doesn’t show variable Oxidation State. ks Gl

K



Why Fluorine has ability to show
Oxidation state higher oxidation state?

(i) Higher O.S (shown by fluorides The ability of fluorine to

(4, 15, 6, +7, +8) and Qxyfluoride stabilise the highest oxidation
(i) Common O.S (shown by chlorides state is due to either higher

(+2, +3,) and sulphides) Cattice energylor higher bond
(iii) Lower O.S (shown by Metal carbonyl(Co) ~ enthalpy terms for the higher
(0, +1) complex compound covalent compounds.

o Why Oxygen has higher ability to
Mnog stablises higher oxidation state

Hﬂ'l'\{xoc-q tha

Mn+y(~2)= - This is due the reason that
Mn -8 = ~I Oxygen can make multiple
Hn = -\t8 bonds to stablise higher
\ oxidation state while fluorine
can’t.




Standard reduction Potential | W

eTendency of an element to get oxidized is called as Oxidation Potential./ LOSS a'f =

eTendency of an element to get reduced is called as Reduction Potential./ Cfal‘vl 016'7

_':D-BlockElements_" ‘Oxidation | Red Potentlal
| PO EQ@dL Neqq-hVe.

This Reduction Potential is used to measure the stability of i |ons in aqueous form.

log  § o (e S G
G o | W o |
H(ca) @’\_{\iﬂ) ﬁ Stability Low in Energy

“le
g e

H.E




* The values of E° for Mn, Zn and Ni are more negative than expected. This is due to extra
stability,of filled or fully filled d-subshell of Mn?* and Zn?*.

@ Mn —<> M- = @

Ys 2d @ 3 2> Eoed

Z0N

2_,|0 o_,° _
aTel Ys'3d ys @qs'adw

TE) TEL
H-£1 TET/

The high energy to
e 1] BUSI By S

transform Cu(s) to ga';SfO”T‘ Cul(aq to
Cu?*(aq) is not u<*(aq) is balanced

balanced/compensated cws
hydration enthalpy.

by its_ hydration enthalpy. - it

Why Cu hax () Eged pofeatiol
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4. The elements of 3d transition series are given as: (3 Marks)

Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn

Answer the following:

(a) Copper has exceptionally positive ﬂ?ﬂ'

g w
E;I;y M value, why ? p[”‘
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QUESTION >

Why do the Transition elements exhibit higher enthalpies of atomization ?

Transition elements exhibit higher enthalpies of atomization due the presence of High no.

of unpaired electrons which results in high bonding.
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QUESTION >

In the series Sc to Zn, the enthalpy of atomization o@is the lowest. Why ?

Since Zn has .0 unpaired electrons that’s why it has lowest Enthalpy of atomistion.
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& ) Magnetic Properties

Paramagnetic Substances- A Paramagnetic substance is one which is weakly attracted into a

magnetic field.l_*
Due 1o the M= Infn+) Ro oﬂhdon
Psesence r ( ‘ ) N o '1
unpaisjed (€ 1= Unpowsped e
Diamagnetic Substances- A Diamagnetic substance is one which is repelled by a magnetic field.
> Bue +o abrence of vnparsied €

Substances which are attracted very StroﬂWBaiEJtﬁ Ia? ferromagnetic. In fact, ferromagnetism
is an extreme form of paramagnetism. ' Cy— (15'3d5

Ahhl))

1. The magnetic moment is associated with its spin angular momentum and orbital
angular momentum. Spin only magnetic moment lue of Cr** ion (Atomic no.: Cr =

24) is (1 Marks)

(A) 2.87 B.M. - \]W

(3{3.87 B.M.

(C) 3.47 B.M.

s

(D) 3.57 B.M.



Q Colour
IV y
When an e~ from a lower energy d-orbital is excited to a higher

energy d-orbital, the energy of excitation corresponds to a

particular frequency of light absorbed And rest of the
frequencies are passed giving complimentary colour.

This is called as d-d transition

Colour |

@ Colourless

Tic! Purple

V4 Blue

V3+ Green 3d7/3d°
Ve Voilet 3d"

Crat Voilet 3d°

Cr2t Blue 3d10

ene€
N\.p

Excited
state

Example __ Colour

Cr2+

Mn3+

Fe3+

Fe+
CO2+/CO3*
Nij2+

Cu?+

Zn2+

Blue
violet
Yellow
Green
Blue pink
Green
Blue

Colurless
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 Tendency to form complexes |

ed-block elements have a marked ability
to from complex compounds. This is due

to their :-

1. (Small size

2, High nuclear charge

3~ No. of vacant d-orbitals which can
accommodate lone pair of ligands.

Ex. Fe(CO);, Ni(CO),, [Cr(NH.):]CL,

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.

(""
\_ compounds

eInterstitial compounds are those which are
formed when small atoms like H, C, B or N are
trapped inside the crystal lattice of metal.

They are ne@er |;)E|5|c nor covalent. O

Ex. TgMn Fe{H)TiH, , etc. ngO
Charteristics :-

1.7hey hiave nigh M.P. that of pure metals.

2.They are very hard.

3.They are chemicall inert
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The incorrect statement about interstitial compounds is
M{l they are chemically reactive.
(b) they are very hard.

(c) they retain metallic conductivity.
(d) they have high melting point.

ATDB.uno

Ye Question se darta h

Parr aaj to kr lega




@

eThe transition metals and their compounds are known for catalytic activity. ﬁ
eCatalyst at a solid surface involve the formation of bonds between reactant molecules and
atoms of the surface of the catalyst.

Since transition metal ions can change their oxidation state they become more effective or
catalyst or they can utilize (n -1)d orbitals and 1'<e Multiple oxidation state in Bonding.

Catalyst Process

Ziegler's Natta Production of polythene_

catalyst
Addition Reaction TiCl** Al(C,H.)

Contact process PdCl In wacker process
H,S0, formati :
(H,SO, formation) C,H, — CH,CHO

Bleaching power Making of HNO, in
Decomposition

Ostwald process

Haber’s process
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\ v ) Important Compounds | ooy

kg MV\OI.‘

(A) Potassium Dichromate (K,Cr,0-) : KMnOy
Pyiep:  (Chopomite Oste
[Fe0- 5,0, + Qp + Noz Co, — Fe, 05+ NOCHOy
2 N0y + Hysoy — N0, (201 Na.So.

NO,C,0-1 KA — é{gzgﬁoq?

The chromate and dichromate are interconvertible in aqueous solution
depending upon pH of the solution.




DDDDDDDD

: +6 o-
Dichromate / CH,01

Chromate/Cr0O;

Chromate ion

] +6 < ! +3
K,Cr,0, will oxidiz€lodide'to lodine, Sulphides B Skl Whan O
2+ 4+ 2+ 3+ C31 < A
to Sulphur, sn“* to sn**. and Fe<* to Fe
+6 \—/’ s |
®+Cr207_ > QH +1, | Reduchon
g o
H,S+Cr, 05~ s> Crt3 +S OQggs'rq
Y¢

Fe*"+ Cr,05 >Cro* 4+ Fe ™
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Manganate and Permanganate )

2<
Permanganate e
e NNt YXD = -2
ng NN +Y(2) = -2
MN-€= -2
Mn=-218
Mn = 16

MnO; is only stable in strong alkaline solution. If MnO; presentis

acidic/less basic/Neutral sol. It undergoes disproportionation.
‘H /_\
+6 H'\’ ?\\'Fll'
MnO;~ — MnOj; + MnO,
Green Purple Brown

DDDDDDDD
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# | Laboratory preparation of KMNO,
DB.uno

Electrolytic oxidation in

‘ alkaline solution
N e O s NAET
manganate permanganate ion

Preparation of Permanganate
KHnOy + H:Sby——— kMnoy +Mnd,
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OXxidising Properties of MnO, (In acidic Medium) >

MnOj, + Fe*? > Mn?* + Fe3*

1\;1710; + |- —> Mn%* +1, ﬁn*'-;ﬂijs_ lezs £takle nawt-
l"l?lOZ +H,0, > Mn?* +0, 1< anf

MnOj + SO, — Mn?* + H,SO, ’\{

MnO; + NO;, - Mn?* + NO3 (;Yi::iqﬂ aged'

MnOj +C,05~ — Mn?* + CO,

MnOj; + H,S > Mn2*+S |

MnOj +S03~ — Mn?" +S0%"~
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3. Complete and balance the following chemical equations: (2 Marks) (2
i3 _ _ 2_"{\+L + ST, T 8H,0
(a) 2Mn0, (aq) + 101 (aq) + aq) — =

~+6
(b) Cr,0,°"(aq) + 6Fe**(aq) @ aq) — oz()1+j + bfe +1H0

ATDB.uno

Ye Question se darta h

————

Parr aaj to kr lega
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F-Block Elements

28 elements from 58 to 71 and from atomic no. 90 to 103,These elements are collectively called
as f-block element as the last or differentiating electrons of these elements enters into f- orbital.

Electrons in f-orbital always present in Anti pen-ultimate shell ie

pLeuum ATDB.uno

.| 58 60 62 67/ 68 69 70
i Ce| Pr [Nd|[Pm|Sm Er |[Tm|Yb

12 140,91 | 144.24 |(144.91)| 150.36 167.26 | 168.93 | 173.04

63 64| 65| 66
Eu|Gd|Tb|Dy|Ho

151.97 | 157.25 | 158.93 | 162.50 | 164.93

(90f 91 92
791 o U |Np o e s i o -
| 231.04 | 238.03 |(237.05)](244.06)] (243.06)|(247.07)|(247.07) |(251.08)] (252.08) | (257.10) |(258.10) |(259.10) (262‘11) y S Hen ':::"}Zi?

as
¥
TN
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i
Cerium

Pr — Praseodymium
Nd - Neodymium
Pm — Presmothium
Sm — samarium

Eu — europium

Gadolinium

Tb — Terbium

Dy — Dysprosmium
Ho — Holium

Er — Erbium

Tm — Thulium

Yb — Ytterbium

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.

(&)

can - 58 — [Xe] 4f'5d16s?
Put > 59 — 41365

Needle — 60 — 4f*6s?
Properly in —» 61 — 4°6s?
Slot —» 62 — 4f°6s?

Every — 63 — 4f76s?

ONTDBL.ufGdss”

Tries - 65 — 4f°6s*
Daily - 66 — 410652
However — 67 — 4f116s”
Every — 68 — 4{1%6s”
Time — 69 — 4f'36s*
you—> 70 —> @4652
Loose — 71 — 4f145d16s?

DDDDDDDD




Th—> 90 > [Rn]6d2752 d

[
Pa — 91 — [Rn]5f26d17s% ¢

l
U— 92 — [Rn]5f6d17s2 | d
Np —> 93 — [Rn] 5f*6d17s2\ d/
Pu — 94 — [Rn] 5f®7s?

Am — 95 — [Rn] 5f77s?
Cm — 96 - [Rn] 5f’6d'7s?

Bk —> 97 — [Rn]5f°7s2
Cf > 98 - [Rn]5f107s?

Es —> 99 — [Rn]5f117s?

Fm — 100 - [Rn]5f127s?
Md 5101 — [Rn]5f137s?

No — 102 — [Rn]5f1*7s?

Lr > 103 — [Rn]5f*6d'7s?

Thorium — Th — Thor
Protoactinium — Pa — Protect
Uranium — U — Uranium
Neptunium — NP — Neptune
Plutonium — Pu — Pluto
Americium - Am — American

Curium - Cm — Computer/chemistry

Berkelium »AI)D& H Nno

Californium — Cf — California explains
Einsteinium — Es — Einstein

Fermium — Fm — Fermi
Mendeleevium - Md —» Maded
Nobelium — No — Noble gas

Lawrencium — Lr —» Laws

(Rﬂ'ls 6d>‘5p

|
+ 2
i
e
)
3
dZ.

£+3

DDDDDDDD
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Lanthanoids | Actinoids

Differentiating electron eneters 111D111crcnlmlmg electron eneters m
orbital orbital

Binding energy of 4f orbitals are higher | Binding energy of 5f orbitals are lower

m

They show less tendency to form | They show greater tendency to form

- complexes

Bc.sldcs)xldatmn states lanthanoids | Besides @uxldatum states actinoids

show and@oxidalion states in few | show higher oxidation states such as

cases. ;md +7

( Why Actinoid contraction is greater than Lanthanide Contraction ? )

Actinoid contraction is greater than Lanthanide contraction because the 5f electrons in
Actinoid provides much poor shielding of huclear charge as compared to 4f electrons of
Lanthanide.
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Q Lanthamdes) @ Actmldes ) GJ

Ram Ewdh Yetals Rod-zoochve elemudﬁ

The best single use of the lanthanoids is
for the production of alloy steels for
plates and pipes.

A well known alloy isetal wAidhDB .uno

consists of a lanthanoid metal (~95%)

and iron (~ 5%) and traces of S, C, Ca and

Al. A good deal of misch metalis used in

Mg-based alloy to produce bullets, shell

and lighter flint. =
e
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Molecular Or Addition Compounds § W

When solution containing two or more simple stable compounds in molecular
proportions are allowed to evaporate, crystals of new substance are obtained. % z

These substance are termed as molecular or Addition compounds. /

EX. . Sofix
KCI + MgCl, + 6H,0 — kel MaCt, 61,0 Coy :
K2$O4 + A|22804)3 + 24H20 — q’u'v' Sd‘HI
FeSO, + (NH,),SO, + 6H20 — Mol = Salt % Snw

K ') Double Salts Or \TDB UE >»ordination Or
Lattice Compounds Complex Compounds

The addition comp. which are stable
but broken down into individual
constituents when dissolved in water.
Their solutions have the same

The addition comp. in which some of the
constituent ions or molecules_retain their
identity & when dissolved in water they

proportions as the mixture of individual do not break up compietely into

individual ions. t L
comp. Ex. Mohr's salt > l’cu N f =
Fo50, (NH)550, 610 Ex- CUSO4.4NH3——>  [CY[NH3)y | + S0y

Pt zsof" r mH;
T 6H\n
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Important Terminology

igands .= The neutral molecules, anions or_cations which are directly linked

with the central metal atom or ion in a complex are called ligands.
They behave as an_glectron donor due to the presence of Lone pair.

7

Central Metal atom/ion :- These are the metal atom/ions which behave
as an electron acceptor due to the absence of empty d orbital or positive charge.

Cu (NH,) ]‘“ ATDB.uno e

Y
/ g"'-:' onds NH3  NH, Nty NHg
Centa) Metor \ \, j / ?Cooodma:bom ———> Wosdnation

a’rolml \on CQ \,@hw\ﬂ'\b@ ’ ’)
S Yk

Qua.‘r A t‘

Qu_‘qgtadlb

(RN

DDDDDDDD
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On the basis
of charge

Negative ligands

CN-, F-, CI-, NO,-,
NO,-, OH-, 02"

Positive ligands
NO,*, NO*, N,Hg5*

Neutral ligands
H,‘o NH3, CO,
NH,OH, CH3NH2

OR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.
¥ I l&c_—
‘ ' Can

On the basis of On the basis of 'é:: LORE )>0191 D ono¢
number of donor sites bondlng l’rU = No°

Monodentate : (d = l) Chelotlng ligands: A bidentate or
Only one donor s S|te polydentate ligand which forms more
e.g. H;d NH; o P— .u than one coordinate bonds in such a way
thata Jg_g_ormed NHs3
Bidentate : T o.ﬂ Rsntea CH, =NH, S
;509 (CoO- )K: IS U L& M Tl
Il .. (oxalato) CH, - NH; ‘
C b‘ = = CH2 NH2 (Ethylenediamine) [Eh lea.h on K g—,a&@

: h iami X
C_gnt iy mm)(e") Ambidentate ligands: Monodentate

|P | tat
Gy Cantate: Mors than ligand which-contains more than one
two donor sites e.g.,
coordinating atom (or donor atom).

IR - N =L
N

_ CH,-C00~ ™\ or or or
e e s S MNZ M<~NCS M — NC
“00C —=CH;™ { cH,-c00" 7 e R - <

DB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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Which of the following ligands form a ‘chelate’ complex with metal ion?

=
° /e/ (2021C)
C,0,%

H,O

CN~ Cl~

N Ay,:gB uNno

"Cl
/ \ e Coo /

\ C"‘O\
ds= CO/
N °
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Types of Ligands

Flexidentate Ligand <~ NO,
A ligand whicH show variable denticity‘in different coordination compounds is
M N —~— —

: . — e “—ONO
called as Flexidentate Ligand. O-\,
| ATDB.uno coo™” -
SN —
QUESTIONS ‘<——SCN‘
The set which does not have ambidentate ligand(s) is: Jeg

0 ﬁoz-l Ci0.* EDTA%" 67\C2042—' NO,~, NCS- (2023, 11 Apl’il Shift — |)

° _fE\DTA'*‘, NCS~, C,0,* 0 ethylene dic
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The no. of atoms of the ligands that are directly bound
to the central metal atom or ion by coordinate bond is

known as the coordination no. of the metal ion.

Ex. [Cu(NH,),]?* = @

[CU@_)BI:“ = 3x 2=(%)

Most common coordination no. are 2, 4

6.
C.N. = No. of ligands x Dentate charé\g;had{n O

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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etal Ke B9bo @ W
Me tione chrpe 0
E)ad=\
NH2 d=\
Example :- odt0= f\
¥:[Fe(CN)¢] = 6x\=¢6 ()";ﬂ'
AgﬂCN) | > ori=#+ F =

PH(NH ), (CI),] = >x1 2117

Ca(edta)] = 1x6=0

Fe(CO). sx1 =72

|
INI(CN)s|*"=5x1 =58
[ZeF = = =1

"
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The central atom or ion and the ligands that are directly attached to it are enclosed
in a square bracket.
This has been called coordination entig or coordination sphere.

*"Any ion present outside this sphere is separated form the complex when dissolved in
water. L{K*

Ex. K Fe(CN)sL LI_FC(CN)(» ATDB.uno

harge on the complex ion :‘lo. No of metal + charge on the ligand

Q:e’r 6C'\J=—j
Yk + Petben =q Ret 6(=1)=-Y
Yt Ret 6ty Fe oY

- Fe = -Y+t¢
Pe-6s -
L{“.Ps\lzoo e —— (Ee: +l\$

‘EQ =t
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| CHa—NH 3
e Goped W
CH;———N H3~

-

The oxidation number of Co in [Co(en):],(S0.,). is N
\w (2021C)

+2 35S0 tjl‘ _
2 jc%&")sl

V ~¢ RCo + bX0D13(2)=0

2X 3 A0 + ©O-6 =0

@TDB.uno 2007 14

co=+§=Q
Q

Co 4 3en=+3
Co +3(0) = +3
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The oxidation state Cr in [Cr(NH,).Cl, Fs

00 T
Corty(0) tal-1)=1)
Cnto-2-1! - WD
O - i CHTIY e
B
QUESTIONS (2019, 12 April Shift-I)

X
The coordination numbers of Co and Al in f€dcCl(en).]|Cl and K; 0204)3], respectively, are

V] I oo

[X| +2X2 %\(9“ |

00
Ié @ C




Homoleptic and Heteroleptic Complexes W

g o

Homoleptic -- Complexes in which a metal is bound to only one kind of donor group.
Ex. — [Cr(NH3)6]**, [Fe(CN)s ]

Heteroleptic —» Complexes in which a metal is bound to diff. kind of donor group.
Ex. —» [Co(en),Cl,]*, [Cr(NH;).Cl,]*

ATDB.uno

Which of the following is an example of homoleptic complex? (PYQ)

‘ [c:o(lleg)@(;!{3 ° [CO(NHg)@SJ
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Nomenclature of Coordination Compounds

[
TopA=—

=Name of the Ligands-

a) Anionic ligands ending withare named by replacing- id€)with suffix -o or
replacing -e by - o.

b) Ligands whose names ends ioecome —ito or —ato i.e by replacing

the ending —e with -o.

43

ATDB.uno

Anion
Chloride CL

Ligand Name Anion

Carbonate COT

Ligand Name

%

Bromide Bxn Oxalate ) _
Cyanide N Sulphate G:ﬁ Sulphat
' r . - .
Oxide 0 Nitrate NO, Nitrato
Sulphide s Nitrite N0, @
\___/ \__—/

d /StudyPrayas | Unauthorised redistribution is strictly prohibited.
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Nomenclature of Coordination Compounds

c)(NeutraIZligands are called with the same names as their neutral molecules or

with their special names. M(NHQ}_ ‘_M Cl,:‘
‘ ' dianmine dli Chosndo
M (en),
bic dly)emg_igmiu

d) If the number of a particular ligay jip‘gre than one in the complex ion, then the
, hex

Number used a @@@@ , etC. But When the name of the ligands
Includes a number Ex- Diamine, theniILb__uSBd.

~Z) Complex positive ions and neutral coordination compounds have no special
ending but complex negative ions always ends with suffix- ate.

f) Oxidation state of the central metal is shown by Roman numeral in bracket
following its name.

DDDDDDDD
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] S — :
IUPAC Nomenclature L.:%”’P’;;M /o’"m ),

2+ L beticod
1. [Co(NH;),H.0(CNCl, —1 Teka ammine. oqua,cuo:}‘db coalt (| ) LMQﬂ-\/l/dc
7~ ony”
at 2
. v suiphate
2 [Cu(en)zfso\,*) co- vyleud_iuwm w;zp_ga.( ) | Al
3. [cr(H,0).Cl,]* &) |Neukas Obg-;)“m
ATDB.ung Cocoft  ©
4. [Fe(H.0), (C204)]2%O4 — Te\-saociuo 0xa!a+b 60"\( ) Su)mee ]-:fO“ Fesnerte
“Esps silvey  Asgentate
m,ommn OMOMO**’—

5. [Ag(NHs) fcu e icmmin Sityen ) Chlowds

Fe(CN), ] — . Polassium Hexacyano Yerorte (10 Cobpes  (MPMAR
RIu;ﬁ ‘1 ) Py

7. N A(CN)]
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IUPAC Nomenclature @

(PYQ)
1. [Cr(NHB)G][CO(CN)6]

2. [AQ(NH3)2][A9(CN)2]

ATDB.uno

Metal C.N. Metal rC.N. Metal C.N.
Ag* 2 Fe3+ 6 SC3+ 6
Co3* | 6| |Cr3+ 6
Zn 4| |pt2 4
P 6
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Qi aMMIVE glicinJ0%ud0 Plcrhnum(ﬁl) ou X
i })\,/ ( g

e Bt + 2NH3H2CA= T2
The correct IUPAC name of [Pt(NH3).Cl;]** is Pt s orar-)=t>  (2025)

~2 =T
" P40 ot

Diamminedichloridoplatinum (0)

0 Diamminedichloridoplatinum (If)

ﬁamminedichIoridoplatinum (1v) ° Diamminedichloridoplatinate (IV)

ATDB.uno

Co+ NO,t+ SNH;TAR =©
QUESTIONS Cot (-))+Sx0¥2()=0 (2%e)
(0-1+0—2=0 >+

The IUPAC name for the complex [Co(NO,) (NH3)5]§;I2 is
(o= +3 >

2¢Cy

0<nitrito-N-pentomminecobolt (1) chloride ° pentammine nitrito-N-cobalt(ll) chloride

6<nitrito—N—pentomminecobolt (11) chloride l‘6pentammine nitrito-N-cobalt(lll) chloride
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Coordination polyhedron

The spatial arrangement of the ligand atoms which are directly attached to the
central ion or atom is called coordination polyhedron.

Tetrc:ec\j\ryol VSqucre Planar (-NO=UY /Octoréjrol
=
O ¥
J e "0

_— =,

|/l— k MQ/\
“ 'L/M\L W -

é

C-NQ:S
Square Pyramidal ?ﬁgonql
N X . . .
Bipyramidal

DDDDDDDD
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' —— sonom
(A) valence Bond Theory « W

& This theory describes the bonding in terms of@)ridized orbitals pf the central
metal atom or ion.

o The theory mainly deals with the geometry (shape) and magnetic properties

of the complex.
B NS NNEEE
ya TDByno 4

d-tioc . [ =
GdyJpya 2

Tetrahedral

Square planar

Trigonal bipyramid:
OW’, QOctahedral
j'r'\“e’( Octahedral
\___—‘
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g lwurﬂtﬂ’m \HT=_ WTF L "UIV'RA 75 N Y
DIQM%WC N=0 &PL—> Hund s Rue ¥ @

Postulates
. The central atoms loses a requisite no. of electrons to form the ion. The no of
electrons lost is the valency of the resulting cation.
2. The central metal ion or atom makes available a no. of empty s, p & d orbitals

equal/t'ouithLcoordination no. FL- / / / /
J) [Nic1,]* (i) [Ni(co),] E«WJM JqZS ;l

il ATDB. o= e

Nity(-1)=-2 / |+qx0 0 @

bi-ys 2 gty L/ o Telcahuteal

[3]\ = -2}y I ’ J Nl“"‘!S 3d8 )
(i< +2] = ALY Diomagnehic
. ~ —\
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Complex with C.No= 4 W

WP
(i) [cucl,)* (ii) [Ni(CN),]> 4 L L]
Ni =-2 T 7]
Cutycd= -;z Ni':#?))a:. Avhv h;l’" e q;ij
CU‘H{ ("’) ==2. Ni':'{""l 3 N
Cu-Yy=-2 NI =-&tY dSF
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- Atomic number. Ni = 28

The magnetic moment of [NiCl,]* is
" ity (2023)
NIt Ul(-l)

QUESTIONS

Why is [NiCl,]* paramagnetic but [Ni(CO),] is diamagnetic? (At. no.: Cr = 24,
Co = 27, Ni = 28) (NCERT Intext, 1/3, Al 2014

DDDDDDDD
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Complex with C.No= 6 Lizu W} W

They posses two type of complexes:
(i) Inner orbital octahedral complexes — These are formed by d,sp, hybridized |
involving strong ligands. These are also known as Low spin complexes LLeM, unposnd € )

(ii) Outer orbital octahedral complexes — These are formed by sp,d, hybridization

involving weak ligands. These are SFD\BWUJﬁ th spin complexes. (wwu Un,»awt e’ )
/

W\
(i) [cr(NH,) )3+ Wrﬁl_ L] L ﬂ LITTT] (i) [Fe(H§)6]+3

(3t 6NH,= +3 = I= 19 Fet 64,0 = ¥2

b dlsFB PetoX0=+3 //////

Feto=Y2  [UhTah ] (7 m
—S}\I\Qﬁ\ OC\'QthXOQ Ce = =43 i — =

ML yLags \ §P3d7’
e m vahe Rl Oufor Oclohd wl
0{1 Pwmuaawﬁc
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Limitations of VBT X @

@rhis theory doesn't after any explanation about spectra of complex (Colour of the

complex)

2. This theory was failed to explain why at one time the electron are rearranged
against the Hund’s rule and other time electronic configuration is not disturbed.

3. This theory doesn't after any exﬂ&ﬁfoﬂ%xistence of inner and outer

orbital complexs.

(SFL) — Eo higher C.NO i.e@

For lower C.NO. i.e Ni*2
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P
Crystal Field Theory ** ol W

According Crystal Field theory the bonding in complex is not covalent or by

overlapping of orbitals but it is purely electrostatic.

There are two types of Force exist between Metal ion and Ligand-

) Force of attraction lu|+<—— L
@-‘orce of Repulsion M"J@ B.uno
AR T

/ Crystal field theory mainly focus on the Force of Repulsion between Lone pair of

ligands and Electrons in d orbital of Metal ion.
— w




IATDB.unD
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Crystal Field Theory W

In a free transition metal or ion, there are 5d-oribtals which are designated as dxy,
dyz, dzx dx2-y?, dz2.

These are divided into two sets:

» These orbitals orient in the region between the

dxy, d,., d coordinate axis.
Z =2 A Trhok dddhon-axial orbitals
- These are designated a orbitals

3d - orbitals

- These orbitals orient glong the axes are called
(ég orbitals.
« These are axial orbitals.




* splitting or d-orbitals in octahedral complex

\J
s % orbitals

t. orbitals

1 1]™
i e “UYyoysay s 3
Splitting of d-orbitals in an octahedral complex = (

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.



In this case, three d-orbitals i.e t2g orbitals are close to the approaching ligands. As
a result of this, t2g electrons suffer more repulsion than eg electron.
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Spectrochemical series W

Z
For any given metal cation, the magnitude ofc/rystal field splitting energy depends on
the nature of the ligands.

The greater the ease with which the ligand can approach the metal i
will be the splitting caused by it. CRSE | > L CiS &
¥ SE 0

(Strong Field Ligand)

Ligands which can approach the central metal ion with ease and cause High repulsion
thus high splitting. ATDB.uno

‘(Weak Field Ligand )

Ligands which can’t approach the central metal ion with ease and cause Low repulsion
thus less splitting.

TLi 310(1?1\* A0Me Colow\‘uj mee{-s ‘mm oﬁice CO'l’(Qi'iiﬂ% wﬂ)\‘ N(mc;t

o

T4 By~ < SN U™ < 8% & PTLO0Y 4 Qoytz HO Lo NeNT

ote Nine i Condeen Coxndost
EoraL Ry en = Ch= Co



©[strongfield (low spin) A, > P

Configure No. of unpaired e- C.ES.E Config. No. of unpaired

CPSE= | X (-0'Yho) +0 dl—-v‘t) \
= T O YAc

.CPSS: ~O
= -2Ynpt 064
=< 184

1
2
=
2
l
@)
|
2_
)
v
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Calculation of CFSE

Wedvol o) €1 |
Ccta [ :CFSE: No‘afe“ m"yﬂx (-O‘lfl\o) e No O-' e In Cq/ (,‘l“O 6A0)

QUESTIONS \

ATDB.uno

(a) On the basis of crystal field theory, write the electronic configuration for d*
with a strong field ligand for which A, > P. @

tolif' en° Al
fb) A solution of [Ni(H,0)s]** is green but a solution of [Ni(CO),] is colourless. @
oM

Explain.



I ATDB.uno ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY DO NOT SHARE OR REDISTRIBUTE L ATDBPDRZ

1
QUESTIONS

The crystal field splitting energy for octahedral (4,) and tetrahedral (A,)
complexes is related as
(2020)

ATDB.uno
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Werner’'s coordination Theory W

Werner proposed coordination theory to explain properties and structure of various
coordination compounds.

Primary valency corresponds to oxidation state of the central metal.

It is satisfied by the negative ions. This is also called principle, lonisable or lonic
valency.

Its attachment to the metal is shown by dotted lines.

- Secondary valency is satisfied by AJED ﬁoHJ&Qs or negative ions.
+ It represents the coordination no. of the metal
 This valency is non-ionic or non-ionizable. The atoms of the ligands which satisfy
the coordination number are directly attached to the metal atom and shown by
thick lines.
Example
COCI;.6NH,

[CO(NH;)g]Cl,
P‘ 23 V S
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i

The primary and secondary valencies of cobalt respectively in [Co(NH,) 59_51 o]
e

b @ Co+ SNH3ted tadd =0
@ o 1 s(0) t 1) T21)=0
COTO=1=2=C
"/3cnd 6

Cp-3=0

2 and 6 ATDB.uno

3and b

2and 8
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|
g XA
o e W

Assertion: [Co(NH;)sSO,]ClI gives a white precipitate with silver nitr\at/esola(iGn.
Reason: The complex dissociates to give 9‘ and SO,*" ions. A 302
v
(PYQ}),

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

ATDB.uno

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.
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1
QUESTIONS

One mole of CrCl,- 6H20 compound reacts with excess  AgNO3 ¢ solution to yield two moles of

AgCl(s)] ©
(Tﬁe structural formula of the compound is: (PY(@
s w’/
[Cr(H20)5c:|]p|2-Hzo
! ATDB.uno

° [Cr(H,0)4Cl,]13H,0

[

[Cr(H,0)4Cl,]CI-2H,0
° | b\, w«

o [Cr(H,0)q {CI3 BDL
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Isomerism in coordination compounds W

properties on account of different

isomers.
| losmerism |
ATDB. uno | Stereoisomerism
Structural VA /\"/\—‘—
Geometrical | | Optica
o % Tinkage] 0
lonisation ][ Hydrate - “olymerisation
[ Coordination Coordination
Position
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SR

(i) ° Ionisation (ii} Hydrate Isomerism
When the coordination compound When the empirical formula of coordination
having same empirical formula comp. is same but have different no. water
give different ions in solution . molecules inside and outside the coordination
y sphere
(QO(N"%)S 1} ] 1 a Example:
PO (N 3)5.611] SOy )—» ywwte Bo SOy [Cr(H,0).]Cl; — Voilet
[Cr(H,0):Cl]|Cl,.H,0 — Green

ATDB.UNO [cr(n,0),c1,1c1. 2H,0 - Green

Red-violet Red
[Co(NH,).(SO,)]Br [Co(NH,).Br]SO,

In solution, this yields the bromide ion (Br). In solution, this yields the sulphate ion (SO, ).

Test wit @ Test witR AgNO, = Test with BaCl, = Test with AgNO, =
No Precipitate AgBr Precipitate BaSO, Precipitate No Precipitate
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Coordination Isomerism

When the empirical formula of coordination
compound is same but both having both cationic
and anionic complex ion.

Then Ligands are interchanged in both cationic
and anionic ions to form isomers.

Example,
[Pt(NH,).][CuCl,] and [Cu(NH,),] [PtCL,]
[Cr(NH.)][Co(C,0,):] and [Co(NH-),] [Cr(c204),AT DB.uno

QUESTIONS

The compounds [Co(SO,) (NH;);]Br and [Co(Br) (NH;)5}80, represent: (PY

0 Optical isomerism

Linkage Isomerism

This type of isomerism occursin complex
compound. Which contain ambidentate ligands
like NO-, , SCN-, S,0%; and CO. These ligands have
two donor atoms but at a time only 1 atoms is
directly linked to the central metal of the complex.

Example: [Co(NH;);:NO,|Cl, and [Co(NH;):ONO]CI,

lonisation isomerism

° Linkage isomerism ° Coordination isomerism

DDDDDDDD
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1
QUESTIONS

Assertion (A): Linkage isomerism arises in coordination compounds because o @
&

ambidentate ligand.

Reason (R): Ambidentate ligand like NO, has two different donor atoms i.e., N and O- (PYQ)

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

ATDB.uno

° 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.
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Stereoisomerism

1/ Geometrical isomerism

The isomerism is due to ligands occupying different position around the central
metal atom or ion. The ligands occupy positions either adjacent or opposite to one

another.
This type of isomerism is called as Cis-trans isomerism
| "1 O.ba
Cis-Trans
e DB.uno
cis: Ligands are ,
. - b b q
adjacent (e.g., at 90° in Q
an octahedron). PN 0 \/Y
i N M
- o 5 et

trans: Ligands are P ltoc g b

opposite (e.g., at 180° :
in an octahedron).

DDDDDDDD
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L/\ .
Square planar complexes suage "
avos

v
(a) Where a and b both are monodentate. -

£ [PE(NH,),(C1,)]

\{
= .
CL NH,

NH ‘
3 Cis \Bpn&

(b) Ma,bc, wherea,b, care mOAIemﬁeu no
[Pt(NH;),(CI)NO,]




ATDB.uno

(c) Mabcd, Where a, b, ¢, d are monodentate

[Pt(NH,) (NH,OH) (NO,) (Py)INO,

O b O A a C

_ N

(d) Square planar complexes having unsymmetrical bidentate ligands can also
show geometrical isomerismdA TDB .uno
— NH,4— CH,

CH —® /@_ CH, 0
/ \ e > Pt\ R I
co —0 0 e CHZ—@ =i

Cis Trans.
e

DDDDDDDD
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1. Geometrical isomerism is not observed in complexes ofn@

2. Square planner of type Ma,, Ma;b and Mab, do not show geometrical
isomerismy/

3. Geometrical isomerism is not observed in complex of C.NO. 4 of tetrahedral
geometry. All positions are adjacent to one another.

= ) o (N=2 X Moo — 2
ATRBUNGY=3 x | Moubn—=2
. =Gy Maked — 3

sp Ty | Ny—o
- = Yosb, — o
”abg —r D
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Octahedral Complexes (C.No = 6) O
MR

(a) Octahedral complexes of the type Ma,B,, Ma,B,, Ma,bc anc exhibit
geometrical isomerism W v
Youba b

. 0 o o
Ex. [Co(NH,),Cl,]Cl, [Co(NH,),CL] Ot"zbot:\-o
cig Topw <
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Note :

Ma,b,)type octahedral complex do not exhibit cis and trans isomerism, they

exhibit facial and meridional isomerism.
L ——————____ TNy

Example
[CO(NH;);Cl;] and [CO(NH;);(NO;);]

P

NO
\,\'()

>:

mer—
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(b) Octahedral complexes having bidentate ligands of the type M(aa),b, or

M(aa),bc can also exist in cis-trans isomers where aa is symmetrical "”‘1
bidendate ligands
:xample cd L
[Co(en),CL,]*
en
Co Co
en CE c
en
ATDB.uno
cl en

<
" G

Write IUPAC name of the complex [Pt(en)Cls|.

.
Draw structures of geometrical isomers for this complex.
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Optical Isomerism

- A coordination compound which can rotate the plane of polarized light is said to be
optically active.

- When the coordination compounds have same formula but differ in their abilities
to rotate directions of the plane of polarized light are said to be exhibit optical
isomers and molecules are optical isomers.

» The optical isomers are pair of moéc-ﬂgahulncpe non-superimposable mirror

images of each other.
+ The essential requirement for a substance to be optically active is that the
substance should not have a Elope of symmetry in its structure. . k
Axis Of S\fmmekd ?/oosdl'\a:bovm L: Miwyos1 Tmage
No PO< LNOn'SuPQNMPD
N0 AOS F

\
laeveo  Enanfiome — Dexteo
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Note : - U

Plane of symmetry — Plane that divides the structure into 2 equal/superimposable
[halves or 2 parts are mirror images of each other.

Axis of symmetry — Axis (line) that divides the structure into 2 equal/superimposable
structure/halves.

No O‘SHCQ.‘ \&O
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o Optical isomers rarely occurs in square planar complexes on account of
the presence of axis of symmetry

Examples of octahedral complex shows Isomerism.

EXx. P‘j by
[Pt(P Y)ﬁﬂﬂzaz] Py

NHa N, Py
as” Tans a TN = =
Ch uno b
C¢ Ci$ (—2 Cl Cls +
B ©
c’ Ny
STl N




IATDB.unD

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS

[Co(en);]**

[Co(en),Cl,]*

—l 3+

((

en ' (/
dextro mirror

ANED]= ala

2 -
e |
I Co

(‘I

i »

ug ()

APY
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Colour of coordination compound

Some of the visible spectrum is being removed from white light as it passes through
the sample, so the light that emerges is no longer white.

The colour of the complex is complementary to that which is absorbed. The
complementary colour is the colour generated from the wavelength left over.

——  e——  e—

ground state excited state

Fig.5.10: Transition of an electron in

DDDDDDDD
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[CoCIl(NH.)s])™ 53¢ Yellow
[Co(NH.,)-(H,0)]™ ‘ Blue Green
[Co(NH.)e]™ 47" Blue
[Co(CN).l” . Ultraviolet
[Cu(H,0),]” ‘ Red
[Ti(H,0):]™ 4¢ Suc Green

Not in visible

region

Violet
Red
Yellow Orange

Pale Yellow

—
Blue ——

Violet

It is important to note that in the absence of ligand, crystal field splitting does not
occur and hence the substance is colourless. For example, removal of water from

[Ti(H,0)¢]Cl; on heating renders it colourless. Similarly, anhydrous CusSO, is white, but

CuSO, .5H,0 is blue in colour.

DDDDDDDD
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Organometallic compounds W

Compounds that contain at least one carbon-metal bond are called organometallic
compound. Q" mg &
EX.

Grignard reagent (RMgx), [Fe(CO)4] é“rbmf @

Organometallic compounds may be classified into 3 classes _
(A) sigma (o) bonded complexes e (cole
(8) Pi (n) bonded complexes | DB-UNO o |

(C) complex containing both@—» Metal carbonyl -

J’N" Lco)w]
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Metal carbonyl
The Homoleptic carbonyls are formed by most of the transition metal

CcO CO
CO CO

Fe——CO ‘ OC—Mn Mn—CO
> OC ~ ;
| CO -‘ CcO CO
coO co e ! ‘ D 1
CO CO CO
¢z”"1vu(1)), " Fe(CO) o~

Cr(CO), Octahedral \
Tetrahedral Trigonal bipyramidal ( ) — [.\/111:((, ()); l

ATDB.uno

« The metal -carbon bond in metal carbonyl posses both ¢ and n character.

CO

. The M-C o bond is formed by the donation of lone pair of e~ of the carbonyl
carbon into vacant orbital of the metal

Synergic bonding e The M-C n bond is formed by the donation of a pair electron from a filled
d-orbital of metal into the vacant antibonding n* orbital of CO.

I Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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Samaj Aaya ?
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