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ANSWER ALL QUESTIONS

Select the most correct answer to each guestion given below. Mark a cross (X) over the most
suitable answer on the given answer script. Any answer with more than one cross will not be
counted and 1/5th of the mark will be deducted for each incorrect answer.

PART A (60 marks)

1. Consider the following organic ligands,
(i) vinyl (ii) =CH, (iii) =CH
The possible monehapto ligands are '
1) (i) and (ii) only. 2) (i) and (iii) only.
3) (ii} and (iii) only.  4) (i), (ii) and (iii).

2. The posmble coordination mode(s) of the allyl group (C;Hs") 1s/are
Dn'only. - Z)n only.
3) 7' and 7’ only. 4) n? only.

3. The TUPAC name of [(n —Cng)FeCh(‘q -CoHy)] is
INNGE -cyclopentadlenyl)dlchloro(n —ethene)ferrous([[[)
2) dlchloro(n —cyclopentadlenyl)(n -ethepe)iron
3) (n —cycIDpentadlenyl)dlchloro(n -ethene)iron(IlI)
4). dichlom(nz—ethene)(ns-cycloperitadienyl)ferrate

4. What 1s the Valenee Electron Count (VEC) of Fe in [(n —C5H5)FeC11(n -CaH))?
(Atomic number of Fe is 26)
1)16 217 3)18 4) 35

5. The strongest o-donor ligand among the following ligands is
1)NMe;  2)NH;  3) NHNH; 4)NO

6. According Lo the ionic model, which one of the following is a 6e-donor ligand?
1n-CHe 2)1’-Cpm 3) cyclopentadiene (CsHg)  4) 1,3-cyclohexadiene (CgHsg)

7. The coordination number of Fe in [(1-CsHs)FeCla(n*-C-Hy)] is
1)3 24 35 NHé6



8. An L;X type ligand is

1) n’—C7H7_' )n-CeHs 3y ’-CiHy 4 ’-CsHs™

9. What is true about PF;?

10.

11.

12.

13.

14,

15.

1) It stabilises the metal centres in higher oxidation states,
2) It is a pood o-donor.

3) 1t is a good w-acceptor. <

4) It is a good o-donor and a good m-acceptor.

According to the ionic model, the d” electron configuration and the oxidation number of
iron in [(nS-CSHS)FeC12(n2-C2H4)] (atomic number of Fe is 26) respectively are

1) d®, +2 2)d®, +2

3) d>, +3 4Hd’ +2

Consider the following statements about [(T]3—C3H5)NiCl(CO)] (Group number of Ni is 10),
(i) It shows the trigonal-planar geometry.
(if) It does not give geomelrical isomers,
(iit) Itis a 16e-compound. '
The correct statement/s is/are
1) (iii) only. 2) (i) & (iii) only. .
3) (ii) & (iii) only. 4) (1), (if) & (iii).

Consider the following statements about carbenes.
(1) In Schrock carbenes, the carbene carbon is nucleophilic.
(i) Carbene ligand is a 3e-donor. ,
(iii} Carbene ligand is a monohapto ligand.

The correct statement/s is/are
1) (i) & (iii) only. 2) (iii) only.
3) (ii) & (iii) only. 4) (i), (i) & (iti).

Which one of the foliowing ligands is not isoelectronic with ethene.
1) CN- 2)C=0 - )N, 4) NO

Which one of the following statements is not true about Fischer carbenes?
1) Hetero-atoms are attached to the carbene carbon.
2) Carbene carbon contains a -8 charge.
3) Carbene carbon is readily attacked by nucleophiles.
4) Metal is in a low oxidation state,

What is not-true about the dinitrogen ligand?
1) Ttcan actas a dikapro ligand.

2) Itcan act as a terminal ligand.

3) Itcan act as a 4e-donor.

4) Itis a better o-donor than CO.




16. Consider the following statements,
(i) N;is a weaker m-acceptor than PF;. ,
(if) COis a stronger o-donor-than CN™, - -
(iii) NO" is a stronger m-acceptor than NO. ’

The correct statement/s is/are ' ,
1) (i) & (iii) only. © 2) (i) & (ii) only.
3) (i) & (iii) only. 4) (i) (ii) & (iii) only.

17. According to the Ionic Model, what is the oxidation number of Co in
[CoCl(r*-CoH,)(n’-CsH;)(CO)] (Group number of Co is 9) ?
D1 2)2 3) 3 4) 4.

18. Consider the following statements.
(1) CO 15 a good w-acceptor ligand.
(i1) The back bonding increases the M—CO bond strength.
(iii) CO stabilises metal centres in lower oxidation states.
The correct statement/s is/are
1) (i) only. 2) (i) & (ii) only.
3) (i) & (iii) only. 4) (i), (i1) & (iii).

19. Consider the Pt(II) complex [PtCl{p-Cl»(PPh;);]. Which one of the following statements is
not true about the above complex? (Group number of Pt is 10)
"~ 1) Each platinum centre has 16 valence electrons.
2) It is not a symmetrical molecule. '
3) There is no Pt—-Pt bond.
4) -Each platinum centre has one terminal chloride ligand.

20. In metal carbonyls, when back donation is increased
1) the M—CO bond order is decreased.
2) the bond strength of C=0 is increased.
3) the v{CO) value is decreased.
4) the M~CO bond length is increased.
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Part B (40 marks) o ' _
Answer all the questions in the space provided. Attached sheets will not be graded.

1. (a) Give IUPAC names for the following complexes.

i. [RuCl(n%-CoHa)(m’-CsH)(CO)] e

......................................................................................................

(b) Draw the structures of the following complexes.

i. [RAF(*-C3Hs) (n'-CH=CH,)(n*-C4H)]

ii. Chloro(r*cycloheptatriene) (r*-ethene)(methylytungsten

(c) (i) Determine the VEC of Rh in [RhF(n*-C3Hs) (n'-CH=CH,)(n>-C4H,)] using ionic
model. (Indicate your break down or the steps used; Group number of Rh is 9)

(ii) Determine the VEC of Ru in [RuCl(‘qz—Cch;)(nS—CsHs)(CO)] using covalent model.
(Indicate your break down or the steps used; Group number of Ru is 8)

{(d) What is meant by the *“18e-rule™?



2. (a) Determine the coordination number of Ru in [RuCI(nz-C‘g}L)(ns-CsHs)(CO)].

(b) Draw the orbital diagram between a m

etal and a carbene ligand, indicating the
© and n-overlap. ' '

{c) (i) Arrange CF 3€N, MeCN, CS and CO in the order of increasing n-acceptability,

(i1} Arrange PH,, PCl;, PF; and PMe; in the order of increasing c-donor abilfty.

(d) (i) Draw the structures of the three

isomers of [Fe(CO),(PPh;),] with the trigonal
bipyramidal geometry.

(ii) Draw the structures of the three isomers

of (Fe(CO)(PPhy),] with the tetragonal
pyramidal geometry.
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ANSWER ALL QUESTIONS
Select the most correct answer to each questlon given below Mark a cross (X) over the most

suitable answer on the given answer script. Any answer with more than one cross will not be
counted and 1/5" of the mark will be deducted for each incorrect answer.

PART A (60 marks)

1. Consider the following statements regarding reductive elimination.
(1} Reductive elimination is facile if the metal centre is positively charged.
(ii) Coordinatively saturated compounds prefer to undergo reductive elimination.
(iii) Coordination number of the metal is reduced by two units during reductive elimination.
The correct statements are
1) (i) & (ii) only. 2) (i) & (iii) only.
3) (i) & (iii) only. 4) (i), (1) & (iii).

2. Consider the following statements about [Fe(CO)s], -
(1) It shows the trigonal bipyramidal geometry in the solid state
(1) It shows two carbonyl bands in its IR spectrum.
(iif) It can be prepared by reacting zerovalent Fe with CO at high temperatures and

pressures.
The correct statements are
1) (i) & (ii) only. 2) (i) & (iii) only.
3) (i) & (1ii) only. 4) (1), (it) & (iii).

3. Pick the incorrect statement regarding oxidative addition reaction?
1) Coordinatively saturated metal centres can undergo oxidative addition reaction,
2) In most cases, coordination number of the metal is increased by 2 units.
3) Oxidation number of the metal is always increased by 2 units.
4) Oxidative addition is facile if the metal centre is boordinatively unsaturated.

4, Which one is an example for 2e-oxidative-addition reaction?
1) [MeMn(CQ)s] + CF=CF, — [Mn(CECFZMe)(CO)s]
2) [Coy(CO¥] + H, = 2[HCo(CO)]
3) 2 [Co(CN)s]"™ + Mel — [MeCo(CN)s]"™ + [Col(CN)sI*
4y [Pd(PPhy),] + Phl — [Pd(Ph)(I)(Pth)o] + 2PPh

5. d-Agostic (delta agnostic) interaction could be seen in
1) MeMn(CO);)
2) [(OC);Pd {P(OPh);}]
3} [RM(Me)}PPh:)(CO)]
4} [Ni(PEta)]



6. How many IR bands does trans-[Cr(CO)q(PPhJ)gj show?
1)1 2)2 33 4) 4

7. Consider the following statements about [W(CO)y(dppe)],
(dppe = PPhyCH,CH,PPh, is a bidentate ligand).
(i) It can be prepared by reacting [W(CO);] with dppe.
(ii) It shows the dctahedral geometry, ‘
(iii) It shows only one carbonyl band in its IR spectrum,
The correct Statements are . '
1) (i) & (i) only. h 2) (i) & (iii) only.
3) (i) & (iii) only. -4 (D, (i) & (iii).

- 8. Nucleophilic attack on a coordinated ligand is facilitated if
1) the metal is in a lower oxidation state
2) the metal is coordinatively unsaturateqd.
3) the metal is coordinated to good T-acceptor ligands.
4) the metal carries a negative charge. : ‘

9. Which metal carbonyl does not have a bridging carbony! ligand?
) Rhy(CO)] - - 2 [Mn(CO)y) S
3) [Fe(CO)yy) 4) [Cox(CO)y]

10. Which one is the most likely substitution reaction?
D [N(CO),] === [Ni(CO)] + co
2) [Ni(PEts);] + PhI — [Ni(PhY(D(PEL);] + PEt
3) [('-C3H)Mn(CO)s] —» [(W'-C3H)Mn(CO),] + CO
4) [Os(CO)s] + H, — [OsH,(CO),] + CO

11. Consider the following statements regarding ligands,
(1) CN is a weaker o-donor than CQ.
(ii) PMe, is a better o-donor than PPh;,
(iti) CS is a better w-acceptor than NO.
The correct statement/s istare
1).(ii) only. - 2) (i) & (iii) only.
3} (1) & (ii) only. 4) (i) & (iii) only.

12. Which one is an example of an insertion reaction?
1} [PtH(CO);)1 + CH=CH, o [Pt(CHQCHQ(CO);}I
2) [(n'-C:H;)Mn(CO)s] — [(n*-C;H)Mn(CO),) + CO
3) [Fe(CO)s] + 2CF=CF, — [(OC)Fe(CiFy)] + CO
4) [Pd(PPhs;);] + PhI > [Pd(Ph)D)(PPhs),] + 2 PPh,

13. Which statemeat is not true about [Fe(CO),1*7
1) The coordination number of iron is 4.
2) The oxidation number of iron is -2,
3) The IUPAC name is tetracarbonylferrate jon.
4) The v(CO) of [Fe(CO)* is higher than that of [Fe(CO)T™.

14. Consider the following statements,
(1) [HCo(CO),] is a H' donor.
{ii) [HCO(CO);(PPhQ] is a stronger acid than [HCo(CO),].
(iii) [HCo(CO),] shows a negative proton chemical shift (in ppm)
with respect to SiMey (TMS).
The correct Statements are
1} (i) & (ii) only. 2} (i) & (iii) only.
3) (ii) & (iii) only. 4) (1), (i) & (iii).

3]




15. What would be the most likely CO stretching frequency of [Mo(CO)4]? ‘
1) 2005 2) 1900 3) 1800 4) 1650

16. Consider the following statements about cycloheptatriene (Cqu),
(i) Itcan act as L; type ligand.
(ii) Tt can act as a dihapto or tetrahapto ligand.
(iii) The coordination number of Mo in [Mo(nﬁ—C7HB)(CO)3] is 4,
The correct statements are
1) (i) & (iiy only. 2) (i) & (iii) only.
3) (1t) & (iit) only. - 4) (1), (1) & (u).

17. What is the most stable product formed due to 1e-oxidation of [Co(CN)s]*~ with H,?
1) [HCo(CN)s]
2) [ELCo(CN),J*
3) [HCo(CN)s]”
4) [HaCo(CN)J”

- 18, Consider the following statements,
(i) Addition of Mel to [IrCI{CO)(PPh;),] is trans.
(i1) Addition of HBr to [lBr{(CO)(PPh;);] gives a metal hydride.
(ii1) Addition of dioxygen to [RhCI(PPhs);] is cis.
The correct statements are
1) (1) & (ii) only. 2} () & (iii) only.
3) (i) & (iii) only. 4) (1), (il) & (iii).

19. What is the most stable product formed, when [Fe(CO)s] is reacted with 1,3-butadiene
(C4Hs)?
1) [Fe(COY(m*-CHy)]
2) [Fe(COY(n'~C4He)]
3) [Fe(CO)(m™—C4Hpg))
4) [Fe(CO)(n'-C4He))

20. The nucleophilicity of the R™ group varies in the following order,
I)LiR > NaR > RMgX > ZnR,
2)NaR > LiR > RMgX > ZnR,
LR > NaR > ZnR, > RMgX
4)NaR > LiR > ZoR, > RMgX
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Part B (40 marks)
Answer the questions in the space provided. Attached sheets will not be graded.

1. (a) [PdRs(dppe)] (dppe = PPh’JCI‘I1CH’)PPh2) undergoes oxidative addition with RI to give
. the octahedral complex (X).

(i) Write the molecular formula of (X) ...........cccoveiviiiiinn.n. reerrreieaa

(ii) Draw and identify two structures of (X).

(b) H; oxidatively adds to [Os{(CO)s] to give cis-[OsH(CO),].
Write the mechanism of the above reaction. (Hint: [Os(CO)s] is a 18e complex).

(c) Identify (A), (B) and (C) of the following reaction scheme.

Na MeCOCI A
[Mny(CO)1p] - A — (B) - (O
(A) e B)eeeeiii e
() e
(d) How would you account for the variation in v(CO) of the following compounds?
Compound v(CO) in cm™
free CO 2143
Jac-EMo(CO)(PCl;)s] 2040, 1991
Jac-[Mo{CO);(PEt3);] 1937, 1841

(e) Name three coordination modes of the hydride ligand. Give an example each.



2. (a) Predict the pmd‘uct(‘s)' of the following reactions using the hint given in the bracl{ets'.
(i) [MeMn(CO)s] -+ PPh, =

“(migratory insertion)

(i) [Mo(CO)s] + PPh,CH,CH,PPh, —»

(substitution)

(i) [Fe(CO)s] + 2CF;C=CCF; ~>

{oxidative coupling)

(iv} [(W*-Cp)Mo(CON(*-CH;=CH,)]" + NMe, —

(neucleophilic attack on a coordinated ligand)

() [Mo(COs(M*~C/Hy)] + PhyCBF, —»

{deprotonation)

(b) Write on the dotted line the reagent(s) which can be used to carry out the following
conversions,

M [(n’-CsH5)Fe(CO),]” — [(n*-CsHs)Fe(Me)(CO),]

(ii) ti‘ans-[FeCIg(dppe)z] —> trans-[FeH;(dppe)»}

(i)  [(-CHs\TICL] = [(n*-CsH)Ti(Me)o}

(iv)  [WCl] — [(n’-CsH;5),WH,)

(v) [Pt(PPh3)3] —> tmns-[HPt(CN)(PPh;)g]

4
T g
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1 (a) i [PdI(R}a(dppe)]

(b) [OS(CO)s] = [05(00)4] — cw-[OBHz(CO)d

lSe CO 16e S 18e BT s

(c) (A) Na[Mn(CO)s] (B)[(MeCO)Mn(CO)s] (C) [MeMn(CO)sHCO

(d) V(CO) ashmgth ofthc C-O bond. L TR Sy
~ The bond orcler of C=0 is 3 and it has a lugher frequcncy that of thc me al

R complexes Eiack donation weakens the C=0 bond order than’ electmn d
 ability of PEt; > PCly .Thus (C=0) of fao-[Mo(CO)g(PEtg)g] <
de-[MO(CO]g(PClg)g] fao-complexes ahow two IR bands

(e) (1) Termmai hydnde [CoH(CO)4] [ReHQ]z’ b
(if) Doubly bridging hrydride [,-H], [(OC)sW(uz-fDW(CO)s]
o+ (i) Triply bridging hydride [p5-H] , [Re(CO)s(us-H)L ST
o (w) Encapsulated hydnde [HCos(CO)u]' RIRTEE




2 (a) (1) CE.M(COMe_CO

(“) [M"(CO l~s(dppt=:)] _+ 2co [

'(b) a) MeI »

S (i) NaBI—L o
(i) LiMe
(@) NaBI-L and Nan
(v) HCN




