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Why Bonding? SCE
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What is a Coordination Compound ?

( o vdinate ord D
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(A) Double Salts _- @

C
A —
Break down into simplerjons. K C| AzCI \A;y )
Pmr\L
=t

(B) Coordination Compounds ?L'\b.[):c \g\/( k _ K

..f_
Retain their identity in solution. F
0 S
T - 2

(I) Perfect Complexes
(IT) Imperfect Complexes
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Classification of Ligands

(A) Based on charge ir\ %/\&[7
n
(i) Neutral ligands 7o
H,0, NO, CO, C,Hj etc. bn

3
(i) Positive ligands  NO*, N,H*; wﬁ
(iii) Negative ligands
Cl°, NO™,,CN", OH"
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) \
(B) Based on ._—f7 Nee k| claws

The number of electron pairs
donated to central metal by ligands
is known as DENTICITY. Depending

on number of electron pairs Cj
donated, these are classified iff QD el
follgwing categories. <, %
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d
(a) Unidentate/monodentate ligands C

==
Ligands which donate one pair of
electron to the central metal are O

called unidentate ligands. N @ I @

X, CN-, NO,", NH;, Pyridine, OH",

NO;-, H,0, SO;7%, CO, NO, OH-, O~ Pyndme. Tnphenyl I iosphme

2, (CHs);P, CH,CO™ etc.
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(b) Bidentate ligands C
Ethylenediamin
Ligands which have two donor ol BN
atoms and have the ability to link N N —O/ \0_
with central metal ion at two @@@ \ /
positions are called bidentate 7 N
ligands. 1, 10-Phenanthroline O 0
(O-phen) Oxalate (ox)
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CH, \

CH,- CH 1S
CHz - NHZ\ | 2 | 2 HC CH2
_ PH,— PH, NH, - NH
("j —07 \ / \ 2= / 2 7£
0 ethylené Propyline diamine
Glycinato (Gly) dlph-osphene ;
(diphos) 1,2- diamino
* / propane (pn
CH;- C =N il 8 _O/ \O—
| N _N .
CH;- C=N_ @—@ (”3
Dimethyl glyoximion 2, 2'-Dipyridyl O
(DMG) (Dipy) Carbonate
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| |
NH, NH,

\ /s

1,3 diamino propane
or

trimethylene diamine
Che Io)JUW\

2t

gupefgtqb/f

CH2 H,N/ ‘\NH2 CH2
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(c) Tridentate ligands

2

2,2°,2”-Terpyridine
erpy)
@ ALile *

\)V) /CHZ CHy

TZC 2'\ THZ
H,C —CNHN— CH, &2 /@

Iminodiacétato (imda)

Diethylene triamine (Dien)
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(d) Tetradentate ligands

/CHZCOO‘
N——CH,CO0O"

CH ,COO~

Nitrilotriacetato (nta¥)
(CHy, _ (CHy, _JCHy, ¥
NH, NH NH \NHZ
Triethylene tetra amine
(trien)
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(f) Hexadentate ligands g\/)f@'r cha bl

Most Jmpor bt [igand

@ 5 Ng 0y (F ’
- CH,COQ =5 L R,,?D
‘ CH,COO~ __ @

CH,COO~ —
CH,-N

o)
,LOU™ @
CH,COO ‘

Ethylenediaminetetraacetato ( EDTA)*
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(h) Ambidentate ligands C

S s 8 2 V\C} PN OAL\G\YN"\
| e

Ligands which can ligate through two
different atoms present in it are
called ambidentate ligands. At a time
only one atom can donate.

CN- [NO; [SCN- [CNO~ [ s,0%"
NC~ | ONO~ | NCS™ | NCO~ | 0S0,S%-
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(C) Based upon bonding interaction between the ligand and the &
central atom.

(i)(Classical or simple ligan
These ligands only@he

lone pair of electrons to the
central atom.

Ex. 0%, OH’, F etc.
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(ii)) Non classical or m-acid or &t -acceptor ligand
_ e ————

Ly I

These ligand not only donate the
lone pair of electrons to central
metal but also accept the
electron cloud from central atom.
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On the basis of nature of donating -

electron cloud these liga e i Dero
following types. @

(a) o donor & acceptor (@ & —AoroY
Ex. CO, CN”, NO*, PF,, PR, etc.

(b) m donor 7 acceptor Nen—c s Ceal {"'(‘jm\cf

FYYemakic }A—f\‘h—ﬂ-ﬂm{\( Can réer Le o qcpe[)
Ex. C,H,, C,H, C;H;™ etc.
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eculasT
\5? ,ﬂw&a\pﬂg\i‘k &S) NG o,{’r’\c)f les (]

K /
[Ni(H0)¢J>* +(6NHy = [Ni(NH,) " + 6H,0() O K = 4x108

4 /

[Ni(H20)6]2+@ = [Ni(en),]** + 6H,0(1) @Kt~=2><10*8
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Sidgwick Theory or Effective Atomic Number Concept (EAN) S~
Po'(\)r\uckﬂ ae

Ne anL ez I~ Me v“\o[zculg
Nobla gw

ﬂ No of 2« no o.,Le'_(G;€

(atomic number of the metal — oxidation state of central metal) +
number of electrons gained from the donor atoms of the ligands.
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Q) Determine the effective atomic number of the metal atom in the following \

Complex oxidation state of  Effective atomic )~——-a i ‘
the metal number (EAN)

R
[Co(NH,)]Cl,  +3 @2- 3
41 %
K,[Fe(CN)] +2 — 2) +(6x2)
s
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Q) Find value of x P
[Mn,(CO),] Mn—Mn linkage is present and no bridge ligand is present. ‘

M
o, e b Ll — 3L
5 Byfdj'ﬁ*g Lfgav\J
_‘co To
CO-_ n?//jco L 20
CO/C NCO—>> Z ]
CO-Q )HZ;CO
CO” | NCO
€O
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Werner’s Co-ordination Theory
!/(?’ZNAMZ ‘(;JP“A‘D Y Los

New ( No.of Cl-lons  Total No. of ionsr(\@w‘(/\
- /f precipitate

Q) oid

Sol. Order of electrical conductivity of
aq. solution. (i) > (ii) > (iii)
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Synergic Bonding Yo

*'-TS? <]

e
19 [

Due to presence of  acceptor ‘50 > \

ligands special type of bonding
takes place in coordination
compounds. It is known as
synergic bonding.

Get it on
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1. Bonding in metal carbonyl 1S

Ex. [Fe(CO)sl ; [Ni(CO),] ; [Cr(CO))

@W

o - donor , & - acceptor

Get it on
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F™
A Lo S
i" \ VA - .,,-""J, \ ' \\
VB ~ . A _[{ A .*f
?\‘_ f\ ‘ |I| {:-5-; k *1 R ¥ \,__J,L)‘ f:’)r"‘. W] ]
. N or l
\ e
ll". /
As Bond order increases, bond length \ £—
decreases '
B.O‘
B.L.
Get it on
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Q) Order of carbon oxygen b/oergr in foll/pwing metal carbonyls.
BL WLl ~ M

e = 7
| v 0 \l/ / /
ggn@\ﬁlc - Lot ﬁ
ke newt -
(a) [Mn(CO).]* > [Cr(CO)¢] > [V(CO).] > &/L

< &
For isoelectronic species as negative
charge on center metal atom/ion
increases extent of back bonding
increases.
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NP‘“’O Meal~——9O
r %Q‘;A.L N - 3 /(\J & ~N _ //\ \//

% ~
@ @ RLT
. o & \ / ““Cﬁ Bol_

7\ enil

~ Cl Cl W, .
ba Pt into C ,cww

Sol. y > x(bond length) J
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IIUPAC nomenclature of coordination compounds

\'r\,—..\{/' an L
=

(a) Like simple salts, the positive part
of the coordination compound is
named first.

™

N

Ex. k,,[Fe(CN)Gj the nammg of this
i 2 —\\
comple:( starts with(potassium

\[Cr(NH3)6]CI\the naming of this
co?nptexstarts with name of
complex ion.

Get it on
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(b) Naming of coordination sphere { | ) 5

K>t~ b ;ﬁ
i

The names of ligands along with their
numerical prefixes (to represent their
no.) are written first, followed by the
name of central metal.

Get it on
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(c) The ligands can be neutral, anionic or
cationic.

(i) The neutral ligands are named as the
molecule

C.H:N [pyridine]

(C¢H:);P [Triphenyl phosphine]
H,N—CH,—CH,—NH, [ethylene diamine]
CH;NH, [methyl amine]

Me,O [diemthyl ether]

Get it on
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The neutral ligands which are not
named as the molecule are

CO [carbonyl]
CS [thiocarbonyl]

NO [nitrosyl]

/,_—-—_‘—'——h._‘

\Hzo_qu]

(NH [agne] i
N /

Get it on
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) ( (Ao
(_L‘ fka
Symbol Name as ligand | Symbol Name as ligand
cl- Chloro/Chlorido N3- Nitrido
Br Bromo/Bromido 0,% Peroxo/Peroxido
CN- Cyano/Cyanido O,H- Perhydroxo/Perhydroxido
oLy Oxo/Oxido g% Sulphido
OH- Hydroxo/Hydroxido NHZ- Imido
H- Hydrido NH,~ Amido

Get Top Ranks in [IT-JEE/NEET with eSaral APP P® Goog!
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Symbol | Name as ligand | Symbol Name as ligand
€0,* Carbonato 50.% Sulphito
0" Oxalato CH,CO00" Acetato
SO, Sulphato ClOo;- Chlorate
NO,- Nitrato
$,0,2 Thiousulphate

Get Top Ranks in [IT-JEE/NEET with eSaral APP P
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(iii) Positive ligand naming ends in 'ium' _

x"’-::*, ;
Ve~

J

—_

P
NH, — NH,* [Hydrazinium]
NO,* [nitronium]

NO* [nitrosonium/nitrosylium]

Get it on

Get Top Ranks in [IT-JEE/NEET with eSaral APP kGoog;e Play



(iv) Ambidentate ligands

P

I(lO{ [nitro, nitrito-N]
ONO~ [nitrito-0O]

CN- [cyano/cynido]

Get it on
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(v) m-donor and wt-acceptor ligands

Prefix of Greek lettef’@(ita) 3
repeated before the name of
each different kind of t- donar,
7t- acceptor ligand.

Where x is the number of carbon
atoms to which donated electron
cloud is bounded. x is known as
heptacity of ligand.

Get it on
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no. of donated e~

£ — denar
(i) =-CH, ™ —C/H (m2-ethylene p)
H/ C(f “H -
W=y
SR %
(i) m-CsHs™ Q@B n 3-cyclopentadienyl 6
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/}\a(f\“a\ Letical

(d) If ligands are present more than
once, then their number is indicated

by prefixes like di, tri, tetra etc.
C—\’_‘-}{(.J "\" <

R oMan NumMerals
Ex: [C4CI2]@

@@@”yshgmhrommm(lll Chloride )

Get it on
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(e) If words like di, tri, tetra are already
used in the naming of ligand, or if it is
polydented ligand or organic ligand,
the prefixes bis—, tris— tetrakis—,
pentakis— etc. are used to specify
their number.

Get it on
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Example

N U\‘Lff("ll'

+i | ~ /ﬂ]l

Ti(o-C5H;),(m-C5H;), @j;)(n1-cyclopentar’e§”enyl)bis(n5-cvclopentadienyl)
— titanium(1V) |
] N ) ! s

’ 2 N TN
Get it on

(P
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If the complex is the part of anion then
some of center metal atom/ion is named as

Al — aluminate

Pt — Platinate
Mo - Molybdate

Ni — Nickelate

e,
/ ™~

Fe~ (lf_érrate/

\
)

Mn - Manganate

Get it on

Get Top Ranks in [IT-JEE/NEET with eSaral APP kGoog;e Play



Q) The naming of some of the complexes is done as follows (as per IUPAC)

(\\/ Ib,.’:t P'_d\ pu— *’: ,_I‘L i']a 4 C ) S [:-If—'—d / _::" &
Complex Cc_)r_npounds — 1 IUPAC Name
A T,
(|) K4[Fe(CN)5 ]X/anlonlc complex)
-\ so Suffixate’ is added with Potassium hexacyanoferrate(ll)

\-.,
““metal name
+L Ly <€

(i) K,[Pt Cl] Potassium hexachloroplatinate(lV)

(iii) [Co(NH;)¢] Cl; (Cationic complex)

£ tfietal, IS WithautaRyEiD: Hexaggnnecobalt (1) Chloride

Get it on
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20. Which of the following name formula combinations is not correct?

Formula
(1) K[Cr(NH,),Cl,]
(2) [Co(NH;),(H,O)I]SO,
(3) [A\h:t.(."_\'I:]-‘
(4) K;[PH{CN),]

Ans 3

[J-MAIN-2014, Online]
Name
Potassium diammine Tetrachlorochromate (III)
Tetraammine aquaiodo cobalt (IIT) sulphate

Pentacyanomagnatg (I)/ion

Potassium tetracyanoplatinate(1I)

Get it on
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/

"9 e

(i) If a complex ion has two metal
atoms then it is termed polynuclear.

The ligand which connects the two
metal ions is called as Bridging
ligand or Bridge group.

Get it on
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]\-\"’L""Y\/\ /U"‘_"{J_\c.)‘\J
A prefix of Greek letter p* is repeated .
before the name of each different kind WL

& i Bt (.5 - 2
of bridging group. | /11 F%,(j Oind
Where x is number of center metal
atom/ion joined by one bridge
ligand.The value of x is only mentioned
when it is more than two.
Get it on
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Q)

7 > NtHé
/ﬁm_\{ 2 -] —¢
(H0)F) ell1,0),) 500
. NH, y

Ans. Tetraaquairon(lll)-p-amido-p-
hydroxotetraaquairon(lll)sulphate

Get it on
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Q)  [2n,0(CH,C00)] |
=5 —p & Ulos) =0

P e
Sol. Hexa-p—acetato — p%- oxido -tetrazinf:(ll)>
=S
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Classification of Isomerism @

Type of isomerism

|

! !
Structural isomerism Stereo isomerism
|
| !
| ! | | } ' I
lonization Hydrate Coordination Linkage Ligand Geometrical optical

Get it on
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(A) Structural Isomerism s

It arises due to the difference in

the type of chemical linkages and
distribution of ligands within and
outside the coordination sphere.

Get it on
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(a) lonisation isomerism Qs
|

o

(¢

Q) Find the ionisation isomers of the following
(1) Co(NH, ), Br,SO,
Sol.

Co(NH, ), Br,SO, can be
represented as:-

[Co(NH;),Br,] SO, (red violet)
and [Co(NH;),SO,] Br, (red)
These complexes give sulphate
ion and bromide ion respectively

Get it on
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(b) Hydrate isomerism NS
Q) Find the hydrate/solvate isomers of Cr(H,0).Cl; Compound. :

Sol. Cr(H,0).Cl; has four possible structures
(i) [Cr(H,0)]Cl; violet
(ii) [Cr(H,0):Cl] CI, .H,0 green
(iii) [Cr(H,0),CL,]Cl . 2H,0 dark green
(iv) [Cr(H,0);Cl;].3H,0 dark green

Get it on
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(c) Linkage isomerism \

(i) This type of isomerism arises due
to presence of ambidentate ligands
like NO,~,CN— and SCN—

Get it on
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1.  Which of the following pairs represents linkage isomers ? [AIEEE — 2009]
(1) [Co(NH;);NO;]SO, and [Co(NH;);SO,INO; .
2) [PtCl,(NH;)4]Br, and [PtBr,(NH;).]Cl,
(3) [Cu(NH;),][PtCl,] and [Pt(NH;),][CuCl,]
(4) [Pd lPP1131:1'5:£"S1:] and [Pd(PPh;), :$('X|:J

—
)

q?,

Sol. 4

Get it on
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(d) Coordination isomerism 3

(i) This type of isomerism is
exhibited when the complex
has two complex ions in it -
'Cationic and anionic'.

Get it on
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Q) Find total number of ination isomers of the following N\

oS 2.
(@

(a)[cu(erg) P N Y
L= J
Ans. 4 [@Q

(b) [Fe"'(NH3)4] [Co(NO;)¢]

Ans. 6

Get it on
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(e) Ligand isomerism ¥

It is arising due to possible
isomerism within a particular
ligand.

Get it on
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Q) Find the ligand isomers of [Fe(H,0), C;H,(NH,),Cl,] \_J

Sol. It has two different ligand structures

e |
Fe(H,0), CH,—CH—CH,CI,
- I
NH, NH,

and
1, [
Fe(H,0), CH,—CH,—CH,(l],
I |
NH, NH,

Get it on
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(f) Co-ordination Position Isomerisation 3

It is shown by polynuclear
complexes, due to interchange of
ligands between the different metal
nuclei.

Get it on
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(B) Stereo Isomerism »

They have same molecular formula,
same constitution, they differ only
with respect to the spatial orientation
of ligands in space around the metal
ion.
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(a) Geometrical Isomerism A

(i) The ligands occupy different positions
around the central metal ion.

Get it on
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Geometrical isomers with coordination
number = 4 (Square planar complexes) c
Al %l

(i) Ma,, Mzh, M(AA),, M(AA)a,, M(AA)ab,
M(AB)a,, M(AA)(AB), M(AA)(BB) can’t

show GI.
a 5< a @, @

M M M

Get it on
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(i) Complexes with general formula, Ma,b, \l
(where both a and b are monodentate) =
can have Cis-and trans isomers.

/{ Z 3 @
. /f\\‘oo

-
& &

Trans-isomer

Get it on
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Complex Ma,b, R\

[Pt(NH,),Cl,]

Cl NH,
Pt

H,N Cl

Cis(C_is:—LIa/tig) anti cancer Trans

Get it on
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Complex Ma,bc R\
/\/W\} —> <]

Pt
H,N Cl

Br NH;]

Trans

Get it on
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Complex Mabcd 0\
P a- ¢ _
k Q - a ¥ }

Get it on
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10. The complex ion \
[Pt(NO,) (Py) (NH;) (NH,OH)]™ will give :- [J-MAIN-2012, Online] S
(1) 4 isomers (Geometrical) (2) 2 isomers (Geometrical)

(3) 3 isomers (Geometrical) (4) 6 1somers (Geometrical)
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Stereoisomerism In Octahedral Complexes
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General formula Gl Pairs of Enantiomers Total A

Ma, 1 0 1
Ma:b 1 0 1
Ma,b, 2 0 2
Ma,bc 2 0 2
Masb, 2 0 2
Ma,b,c 3 0 3
Ma,bcd 4 1 5
Ma,b,c, 5 L 6
Ma,b,cd 6 2 8
Ma,bcde 9 6 15
Mabcdef 15 15 30
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11. Which of the following complex ions will exhibit optical isomerism?

(en = 1. 2-diamine ethane)
(1) [Colen),( 'J_j'/ (2) [Zn(en),]*~ }Q
1_~'J[l o(NH:),( |_]/( [MH\?-L |-;|[{'|t,\'H_I_f |_]/\

M (ae), b

Get it on

Get Top Ranks in [IT-JEE/NEET with eSaral APP Google Play



ORK HAROER

1 minute motivation

Get Top Ranks in IIT-JEE/NEET with eSaral APP  P®Google play



.-.IValence Bond Theory

C«sr Lo Iz(ha\)

(a) The metal ion under the va
influence of ligands can use its
vacant d(n-1), ns, np, nd ] /U’ 11 /@

orbitals for hybridisation.

L) ]
In the formation of [Fe(NH; ), ]3*,

Fe*? ion provides six vacant orbitals.
In [Cu(NH;),]%*, Cu*?ion provides
four vacant orbitals.
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Points To Remember In VBT m
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t
(i) In octahedral complexes with CM /Vl BN
having d°, d?, d?, d3 configuration, A
pairing of e~ don’t take place, no
matter what the ligand is. QUE;:
And all such complexes are inner orbite/
orbital complexes with QOmP
n=0,V3, V8
respectively{d?sp? configuration
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d® Diamagnetic

d!,d?,d® Paramagnetic
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(ii) In octahedral complexes with CM having@configuration
_pajnng_o_f_e_dng_s_t_takg_pli@, whateve e ligand, and all such
complexes are |th M= \/_ \/550 BM

{
respectively. d°
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(iv) All the octahedral complex of Co3* are inner orbital complexes

(d?sp?) irrespective of nature igands and all such complex-are
diamagnetic excep and [Co(HZO)?Fg] are outer orbital

complex, sp3d?, p =
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(v) All the above points are written
considering that ligand is not
paramegnetic. (important)
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Example

11 .
K, [Fe (CN)

is parameganetic due to parameganetic
nature of O, (superoxido)
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(vi) In all the octahedral complexes of
4d and 5d series metal ions with
configuration d?, d°, d® and d’,
pairing of e~ takes place whatever
may be the ligand.
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Q) For [Fe(H,0)5NO]SO, (Brown ring complex), it
= V15 B.M. Select the NI
correct statement(s) Lé —
(A) oxidation state of Fe is
(B) geometry i
(C) hybirdisation of Fe i$ sp3d?
(D) NO is neutral ligand

Ans. A,B,C
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Q) [Fe(H,0)¢]** is paramagnetic while [Fe(CN),]* is diamagnetic.
gl ed

\ \/ @/S% L((jar\d s%*““&*‘\

Sol. [Fe(H,0)¢]>~ involves sp3d? hybridization.

3d 4s—dp  ———_ 4d

Fe2+, [Ar]3ds [1L] 1] 1] 1] 1 W
outer orbi
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.- = Crystal Field Theory
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L

/"-F/F#

Average energy of ‘d’ \
/ orbitals irySpherica .
crystal field

Then an isolated \ EAEAERZE )
gaseous metal atom/ion have(same

5
@,’ﬁ, they are degenerate. o 4W N =
This degeneracy is maintained if a = ==
spherically symmetrical field of negative  Five degenerate d-orbitals on
charges surrounds the metal atom/ion. the free central metal cation
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However, when this negative field is
due to ligands in a complex, it
becomes asymmetrical and the
degeneracy of the d orbitals is lost.

It results in splitting of the d orbitals.
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Crystal field splitting 9 4
for octahedral complex % g

£1 N\ -
----------- AL
G

X e

/ \
[

E TV I i = ! B Average energy
( i (Bari center level)

d“ d_\'z d” dxz_},z dz? )

S
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Crystal field splitting
for octahedral complex

B 3 [ S|k - ! L T— Average energy

(Bari center level)

d.d d dxz_},z dz?

Xy Yyz “x
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CFSE depends upon the following
factors

+ Ve ( L\““'éﬂ- T
cFseT

1. Higher the charge on the metal
ion higher will be CFSE.
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2. It depends upon the nature of

metal ion, that is the metal ion

is of which transition series.

It has been observed that as we
go down from first transition state
to second to third CFSE increases
by 30% at each step.
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3. It depends upon the nature of
ligand.

Some ligands are able to produce
strong fields in which case, the
splitting will be large whereas
others produce weak fields and
consequently result in small
splitting of d orbitals.
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CFSE depends upon the following
factors

1. Higher the charge on the metal
ion higher will be CFSE.
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2. It depends upon the nature of
metal ion, that is the metal ion
is of which transition series.

It has been observed that as we
go down from first transition state
to second to third CFSE increases
by 30% at each step.
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3. It depends upon the nature of
ligand.

Some ligands are able to produce
strong fields in which case, the
splitting will be large whereas
others produce weak fields and
consequently result in small
splitting of d orbitals.
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Ao

L] oy F

dy d,, d, d,2_,2dz?
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In general, ligands can be arranged in a
series in the order of increasing field
strength as given below

IF<Br <SCN-<CI'<S8§*<F <OH <(C,0/* < Hzo[ﬁ NCS- <EDTA*
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3. It depends upon geometry.
A, > Ag> A,
Ay, > 1.3A,

A, >4/9A,
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-
Mean pairing energy. o

( 1

bmgd &5 ¥

It is the energy required for electron
pairing in a single orbital. And it is
defined per pair.
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The two possibilites are-

(i) If Ay <P, the fourth electron enters
in one of the e, orbitals giving the

: S a1
configuration t°,.e ".

(ii) Ligands for which A< P are known
as weak field ligands and form high
spin complexes.
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WEL 0 A

(i) If A, > P, it becomes energetically
more favourable for the fourth
electron to occupy a t,, orbital with
configuration t, % e ’.

Ligands which produce this effect are
known as strong field ligands and form
low spin complexes.
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SFL— 4" 5°

WEL2pd e
OU\‘EQ'Y 2 YLE{"( l
Comp[uk
WFE
l > &spT o3
LA s 1’9!{\]
SFL 2.3
“ d S Complin
d4,ds,ds,d’ ,/ngﬂf F
d? will shift its 7" e-to =~ --—---—- (199 ¥ ]
the higher energy level ey
WFL + SF li Can’t be predicted unless the

relationship b/w A, & P is
directly or indirectly given.
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Q) [CO(NH;)]** & [CO(NO,)]* are very much proneg;d%dsm‘ldaﬁen\.ﬁxplain.

= *7 L M/J A

NH RY 4d
3} SFL ; Can shift an e to the

NO, _da?lgbercgqﬁeg'g’&ic level A /,Lf 11
= t,g% eg! 1
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[Co(NH,)]* ——> [Co(NH,)|** + ¢

Since the last e" is already in the
higher energy status. Room temp
or visible light is sufficient to
remove it oxidation.
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i?t}x =
No. of upe
a i
a s~ m/k/n, 1
5
| we -y
» > high spin
dé 4
d’ 3
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Crystal Field Stabilising Energy In Octahedral Field (CFSE)

\{‘\O‘[C \:,\(\(70 vhen X

Formula
CFSE =[-0.4 (n) tzg +0.6 (n’) egl Ay + *mP.

where n & n’ are number of electron(s)
in t,, & e, orbitals respectively and A,
crystal field splitting energy for
octahedral complex *m represents the
number of electron pairs formed.
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Q) For each of the following complexes, draw a crystal field energy-level
diagram, assign the electrons to orbitals, and predict the number of
unpaired electrons

(i) [CrFe]*

Ans. Fis weak field ligand. Cr3*, 3d3
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d-orbital%

presence of At
ligand field %
d-orbitals in

absence of
ligand field

S

So number of unpaired electrons =3
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(i) [Fe(CN)]*-

Ans. CN-is strong field ligand. Fe3*, 3d°
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RS — bari centre

g

[l

So number of unpaired electron = 1.
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Q) [Cr(H,0)¢] Cl; has a magnetic moment of 3.83 B.M. The correct distribution
of 3d electrons in Chromium is?

(A) 3dl,, 3dl

1
1, 3dl,, 3d}, (B) (3d,2_y2) , 3d:, 3di,

5 |
(C) 3dl, (dez_yz) ,3dl,  (D)3di,,3dl, , 3dl,

Ans. (D)
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Crystal Field Splitting In Tetrahedral Coordination Entities
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Crystal field splitting for czj
tetrahedral complex : -

,j j;lg
&
E T W I S 48 L Average energy

d d dz? (Bari center level)
Xy dw. dzx xZ—y? %
" 35,
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Crystal Field Splitting in Square Planar Coordination Entities
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Crystal field splitting for square planar complex

d 7 i
b
1
dy2_2 dz?
Ao
L1 111 F-- - =
A, dod dy2_,2 dz? ‘ﬂLﬂ_ Square planar
- dz?
------------ [T
d‘\' dt? d\'z
y Uy A,
Ds‘o > b,
« VPl L
d'f.x d_\'I
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/S\“’ D
@m FL> Jsp*

T 34 hs Lp
s RS (T L1717
s’
OEL sp? (outer orbital complex)
CN=4 SFL

> dsp? (inner orbital complex)
Not valid for d'°
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Q) Which of the following are expected to have non sp? hybridisation but

3
tetrahedral geometry? /ﬂ\d\s
g v e

(A) [NI(CO)] 55> (B) [PECLI?*- [ (cHCrO =1 ) ) (D)NH
d* 4-4 5f;_d 547 40\5F —H-;—-/—{? sp® ’

{\(q{#a , planar

‘ac!t '-!S-L /T B
,@/"3’ wd

Sol. Since this is a d° system. l——f [ lJf(qla R

dxz_},z dz - == = 5 2
Ans. (C) EJ:zéﬁ ot
O olw] kg o 4d Lo
dy d; dg, E ‘—(573d
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Q) The magnetic moments of following, arranged in increasing order will be

(atomlc number of Co = 27) Revrs tor

(1) Cc|3+ (octahedral complex with a strong field ligand) 4t o wpe

[ 3=
[' %
f

L

(2) Co®* (octahedral complex with a weak field ligand, F~) d*> Qupe 17

(3) Co?* (tetrahedral complex) 4 7> 3 wpe L FL
(4) Co?* (square planar complex) 2upe < FL

(A)1>2>3>4 (B)2>3>4>1 (C)3>2>4>1 (D)2>4>3>1

Ans s B

Get Top Ranks in [IT-JEE/NEET with eSaral APP ’

Get it on

Google Play



, Lot 28
Z ¢
[Mn(NH3)5}2*

1
5 W =
/

*[Fe(NH,) ]2

SasHS
*[Co(H,0)]**
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2
Q) The magnetic moment of [NiCl,]*~is?
43
(A) 282 BM (B) 1.41 BM (C) 1.82 BM (D) 5.46 BM

e
|
=00

EOEDY

Ans A
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(F) Factors Influencing the Magnitude of CFSE
S 'Ef»ﬁjf If la f_FC(c:J[_'QvS

Strong L jMT\
m\; HD

A

1. Higher the CFSE value higher will
be the stability of complex

T3

a) [Fe(H,0).]** > [Fe(H,0).]*
b) [CoCl¢]* < [Co(C,0,);]* < [Co(CN)]* /

) ML > [ML™ > [ML,,]"i
et et~ SP 1

d) [Co(NH;), ]3‘”'<[Rh(|\""3)e]3+ [|f(|'\"'|3)5]3+
34 ) 9(

="
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2. Chelated complexes are more stable
than non-chelated complexes given
the donor atoms are same

[Ni(NH;)¢]** + 3en — [Ni(en),]*" + 6 NH,

[Co(NH,)]** + EDTA — [Co(EDTA)]- + 6NH,4

[Ni(NH;)¢]** < [Ni(en);]*

[Co(NH,)]** < [Co(EDTA)]-

Get it on

Get Top Ranks in [IT-JEE/NEET with eSaral APP kGoog;e Play



- F AT 4 './'\ - | |« (/_\
MNe of yu "“\QP | C>J\_° o1 lj ‘

(i) [Pd(en),]Cl, < [Pd(trien)]Cl,
2 rings 3 rings

(iii) [Fe(ox);]3~ < [Fe(CN)]*-
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3. Same charges on the cation but the
number of d-electrons is different

The magnitude of CFSE increases with
the increase of the number of d-
electrons.

de f\" A o~ /

e.g., [Co(H,0).]2* < [Ni(H,0).J2*
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.-_I Colour In Coordination Compounds
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According to the crystal field theory
the colour of coordination compound
is due to d-d transition of electron
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Colour wheel

VIBGYOR
% ’
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Q) The correct order for the wavelength of absorptlon in the visible resion is
poy I 5 %

CF S /\
(A) [Ni(NO,)¢]* < [Ni(NH;)¢]** < [Ni(H,0)¢]**

2

(B) [Ni(NO,).]* < [Ni(H,0).]** < [Ni(NH,)]?* _// %= a2
(C) [Ni(H,0)]?* < [Ni(NH;)]?* < [Ni(NO,)¢]* P
(D) [Ni(NH,)¢]** < [Ni(H,0),]?* < [Ni(NO,) ]+ F- WO

—

—

Ans. (A)
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| complex of a metal ion M-~ with four monodentat

Ans. 4
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