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ions based on CFT. Also, explain the magnetic properties of the same complexes.

*| What are the assumptions of Crystal Field. Theory (CFT)? Draw the differences in
1 | the orbital occupancy for high and low spin complexes of d*, d°, d°, and d” metal
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18 electron rule. Justify your answer.
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Comment on the stability of the following organometallic complexes according to
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\ | (a) How many categories of organometallic complexes are possible based on the
\ 3 “ bonding nature of metal-carbon bonds? Discuss the categories with examples.
. ! (b) Draw the structure of chlorophyll? Why does the photosynthesis process can’t

| 1 happen without Mg?" attached to chlorophyll?

(5+5)
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(a) How does the hybridization of [Fe(CN))* different from [Felg]* ? Also, explain
the magnetic properties of both complexes.
(b) Discuss the stability of carbanions and arrange them in the decreasing-order:

Q [} Q Q ]
U . (CeHg)sC ; (CHysC . (CHy),CH ; CHy ; CHyCH,
B C D E

A ASBYED F>DDC.

(5+5)
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(a) Discuss the stability of carbocations and arrange them in the decreasing order:

cu2
5 (CsHs)zCH Q( O/ (CH,),C

(b) Discuss the hybr|d|zat|on and geometry of methyl cation, methyl anion, and
methyl radical through molecular orbital structures.
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What are the assumptions of Crystal Field Theory (CFT)? Draw the differences in
the orbital occupancy for high and low spin complexes of d*, d%, d®, and d” metal
ions based on CFT. Also, explain the magnetic properties of the same complexes.

Assumption of CFT: 2 marks

¥ Interaction between the metal ion
and the ligands are purely
electrostatic [ionic)

# Ligands are considersd as point
charges

# lon<on Interaction, if the ligand is
negatively charged and ion-dipole
Interaction, If the ligand Is neutral

¥ Electrons on the metal are under
mpulsive from thoss on the
ligands

»El on maetal py those
d-orbitals farthest away lrom the
direction of approach of ligands.

High and low spin complexes of d* d®, d® and d’ metal ions based on CFT with
magnetic properties (each 2 marks; total 8 marks)
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Comment on the stability of the following organometallic complexes. Justify your
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answer.
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Each example 2 marks (2 x 5 = 10 marks)
A= 19 e- (Not stable)

B= 16 e- (Not stable)

C= 19 e- (Not stable)

D= 18 e- (Stable)

E= 16 e- (Not stable)

(a) How many categories of organometallic complexes are possible based on the
bonding nature of metal-carbon bonds? Discuss the categories with examples.

There are three categories of OM complexes (see the slide below)

Oy Lallic g ds are classified into thres lypes.

= (i) Sigma o) bonded arg da: In Mase the metal atom and carbon
mtom o ha liggand we |oinad logother wth L] ngma bond,
For Example

* (8] Grignard reagents, F-Mg-X where R s an syl or anyl group, and X is 8 halogen.

+ o) Zine compounds of the formuls B.Zn such ms (CHy), o e o -
(i) P pm) @ s - < l"’uJ a
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benrene and other nng e, in thess i By
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the ligand [

) Begmma and 7 Bonded organomElalik Compouns i gy

Metal-carbonyl compounds formed betwean maisl and carbon moncside possess bofh o-and m-
bonding  Generally. axidation state of metal atoma in these compounds s sero
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(b) Draw the structure of chlorophyll? Why does the photosynthesis process can’t
happen without Mg?* attached to chlorophyll?

Basic Structure of chlorophyll: 2 marks

Role of Mg2+ in chlorophyll: 3 marks
Role of Mg in chlorophyll —_—

& Without Mg the chionn ning is
Le the absorbed
mmaediataly

& Wih Mg* chiorophyll becomes
phosphorescent

% In e case of fluorescence, the absorbed
ight enorgy & ost immedsately - will not be
used for chevmcal reaction

# In ihe case of phosphorescence. there will
be excited state of finite life tmae and the

nargy can be ussd for  chemical

redctions

% The Mg coordination increase the rigidity
of the planar chiomn ring The energy Kas
s heat due to vbraton of e nng during
Ight absorption is preventod

(5+5)
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(a) How does the hybridization of [Fe(CN)e)* different from [Fels]* ? Also, explain
the magnetic properties of both complexes.

[Fe(CN)e]* = Octahedral d’sp’ Geometry, Diamagnetic (example taken from slide)

[Felg]* = Octahedral sp*d? Geometry, Paramagnetic

(b) Discuss the stability of carbanions and arrange them in the decreasing order:
e e e e e
. (CeHsiC ; (CHIC ; (CH3),CH ; CHy ; CHyCH,
B C D E F
A

Stability orderisA>B>E>F>D>C

(5+5)
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(a) Discuss the stability of carbocations and arrange them in the decreasing order:

@ &
CH, CH,
@ ®
(CeHshCH . g . O/ : (CH3)sC
A B C D

Stability orderisA>C>D>B

(b) Discuss the hybridization and geometry of methyl cation, methyl anion, and
methyl radical through molecular orbital structures.

Methyl cation: sp2, trigonal planar (empty pz orbital)
Methyl anion: sp3, pyramidal shape
Methyl radical: sp2, trigonal planar (half-filled pz orbital)

Vacant 2p, orbital Half-filled 2p, orbital Filled sp? hybrid orbital
Hoo, Q H Q 9
Ct—H “C—H i

H""’O H-"'a HH/ Ny

(a) Methyl cation (b) Methyl radical (<) Methyl anion

(5+5)
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