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YBB2053 

1. K3[Fe(SCN)6]has been used to synthesize potassium-ion battery cattlOde ... materi~l •. 

a. D~termine th~ International Union ofPure and Applied Chemistry (IUPAC) 

nomenclature of K3[Fe(SCN)6] complex. 

[2marks} 

b. Draw the molecular orbital diagram of K3[Fe(SCN)6] complex with complete 

labelling. 

c. Determine the crystal field stabilization energy (CFSE) of K3[Fe(SCN)6] 

co~ple~· .. · 

d. Determine the magnetic moment of K3[Fe(SCN)J complex. 

e. Sketch the orbital interaction(s) between the ligand and the metal centre in 

K3[Fe(SCN)6] ~()mpJex to represent the charaqteristics of the ligapd in tl)e 

[4 marks] 
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2. 
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Crystal field theory is a model that describes the electronic ~tructure of t~ansition 

metal compounds. 

a. Using crystal field theory, discuss the splitting of d orbitals in octahedral 

complex. Support your discussion with .drawings. 

[10marks] 

b. Draw the arrangement of electrons in d orbitals of [CuF6]5-. 

[3 marks] 

c. It has been observed that [CuF6]4- will undergo Jahn-Teller Distortion. Draw 

the splitting ofthe d.orbitals in this complex. 

[?marks] 
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3. The [Pt(N:fl3) 4]
2
: corryplex iOf1 is reacted with on~ equivalentrpol~. qf cr to form 

compi~?C X. Then, complex X is reacted . with ?riother mo!e orcF to produce 

complexY. 

a. U~if19 cu[\led ~.rrows.~ propose an assoCiative.rnechanism fortheJoflnatiOf1 of 

complex :X: 

[4 marks] 

:. .. ::: . . 

b. Determine the rat7 of reaction in p~rt (a)..whehtne concentr~tion of [Pt(NH3) 4]
2

: 

and crare doubled. Justify your answer. 

[3 marks] 

·: . : 

c. Detehnine th~ ;~te of reaction ifthe[Pt(NFI3)4]
2
+ complex ioh in part (a) is 

replaced by [Ni(NH~4]
2+. 

[3~ark§] 

d. Determine the rate of reaction if the [Pt(NH3) 4]
2
+ complex ion in part (a) is 

4+ 
replace(j by [Pt(NH3)~] ·• 

~~•.marks] 

e. Complex X undergoes a dissociative mechanism to form complex Y. Draw a 

mechanisf1{ fe>,ftne transformation of q~rpple~ X to complex f l,lsing curved 

arrows: 

[3 marks] 

·::::=:. .:: '::!:.:. =. 

f. D~termil1ethe f"a~~ ofr~action in part (el when the conc~ntrations otcomple?C 

X and ligand C( are doubled. Justify your answer. 

[4 marks] 
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4. Polypropylene (PP) is a thermoplastic polymer widely used for fabricated parts and 

components due to its .excellent chemical .. and impact resistance. In a typical 

polymerization of propylene (C3H7) monorners to PP, dlmethylzirconocene, 

( 11 
5 
-C 5H5) 2Zr( CH3) 2 is used as a catalyst. 

a. Draw the structure of dimethylzirconocene. 

[2 marks] 

... . 
. :: . . 

b. Prop()s~ a cataJytic cycle for polyrneriz~tioq of 2 moles of propylen~ (C3.f-17) 

monomer. 

[10 marks] 

: : 

c. Ca.lculat~the riumber of.electrdn~aroundthe central metc:llion ineach.step .. of 

the mechanisms as shown in part (b). 

[8 marks] 
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5. Hydroformylation of olefin is an important industrial process whe~.e ol13fin re~cts with 

syngas (H2 an<fCO) to proc;tUice linew apd brctncgec:J aldehydf3s.[Fe(C0)3(P:P~)2] is 

one of the catalysts com~only used for hydroformylation reaction. 

a. Draw acatalytic ~yclE( f9r the hydroformylation of 1-hexene (C6H12~ to branched 

aldehyde. 

[10 marks] 

·:::0:::·0:::. . . .::: 

b. Identify the ty~W. of reaction in each ste[rQf tn~. rnechanisrnin part (a).. •• 

[8 marks] 

c. Name the aldehyde produced from part (a). 

[2marks] 

- END OF PAPER-
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