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QUESTION ONE

(a) Suggest products of the following reactions:
6)) MeBr + 2Li >
(ii) Na + CsHg >
(iii) MgCl; + LiR > .
(iv) Me;SiCl + Na[CsHs] » [4]
(b) Sketch interactions of 1,3-butadiene, (CH,=CH-CH=CH,) with a metal atom via
® @ n’ [4]
(c) Suggest products in the following reactions, and give likely structures for the
products:
@) Fe(CO)s irradiated with CoHy
(ii)  Rez(CO);p with Na/Hg
(iii) Na[Mn(CO)s] with ONC1
(iv)  Ni(CO)4 with PPh; [8]
@ @) Using a suitable explanation determine which of the two isoelectronic
compounds Cr(CO)s and [V(CO)s]” will have
(1)  the higher CO stretching frequency?
(2)  the shorter M—C bond?
(ii) Comment on the observation that on going from Fe(CO)s to
Fe(CO)3(PPhs),, absorptions in the IR spectrum at 2025 and 2000 cm™
are replaced by bands at 1944, 1886 and 1881 cm™". [9]
QUESTION TWO
(a) Use Wade's rules to suggest likely structures for
() BsHy (ii) [BsHs]* (iii) [Oss(CO)2]* ' [9]
(b)  Pick out pairs of isoelectronic species from the following list:
HF, [NO,]", NH3, [H;0]", [OH]", CO, [3]
(c) Comment on the following observations:
(i) Imidazole derivatives are often used to model histidine-binding sites.
(i)  Thioneins bind, for example, Cd** in cysteine-rich pockets. [8]
(d) Which Ln** ion would you expect to show the same colour as

(i) Eu*. (i) Pr* (iii) Dy** [3]
Explain. (2]



QUESTION THREE

(a)

®)

(©)

(d)

@) What type of reaction is the following, and by what mechanism does it
occur?
Mn(CO)sMe + CO — Mn(CO)s(COMe)
(i)  Write an equation to show B-hydrogen elimination from L,MCH,CH;R.
[6]

There is one oxidative addition reaction and one reductive elimination reaction in
the figure below. Give balanced chemical equations for them both and assign
oxidation numbers to all the rhodium complexes in the equations. [6]

The main catalytic cycle in the homogeneous hydrogenation of alkene by
rhodium-phosphine complexes, L = PPh;.

Propose the main steps in the catalytic cycle for the conversion of pent-1-ene to
hexanal using HRh(CO); as the catalyst precursor. [8]

H;0s3(CO) /o catalyses the isomerization of alkenes:

RCH,CH=CH, — E-RCH=CHMe + Z-RCH=CHMe
By determining the cluster valence electron count for H,Os3(CO);o deduce what
makes this cluster an effective catalyst. [51



QUESTION FOUR

(@ Do (i) [IrBry(CH3)(CO)PPhs),] and (ii) [Cr(n’-CsHs)(n®-CsHe)] obey the 18-
electron rule? [2]
(b) Propose two syntheses for MeMn(CO)s both starting with Mn,(CO),o, with one
using Na and one using Br,. You may use other reagents of your choice. [8]
(c)  Discuss the uptake of O, by myoglobin and hemoglobin and the effect of partial
pressure of O,. [5]
(d)  Using the concept of isolobality, give
@) the hydrogen-nitrogen molecule or molecular fragment that is isolobal
with CH3—.
(ii)  the hydrogen-boron molecule or molecular fragment that is isolobal with
the O atom.
(ili)  a nitrogen-containing species that is isolobal with [Mn(CO)s]". [3]

(e) @) Predict whether the equilibrium constants for the following reactions
should be greater than 1 (reaction lies to the right) or less than 1 (reaction
lies to the left):

(1) CdI; + CaF, 5 CdF; + Cal; [2]

(2) [Culf + [CuCL] & [CuCL)* + [CuL]* 2]
(ii)  Account for the trend in acidity:

[Fe(OH,)s]**< [Fe(OH,)s]** 3]

QUESTION FIVE

(a) Whereas the stability constant, X, for the equilibrium:

Haemoglobin + O; & (Haemoglobin)(O,)
is of the order of 10, that for the equilibrium:
(Haemoglobin)(0;); + O & (haemoglobin)(0,)4
is of the order of 3000. Rationalise this observation. (5]
(b)  Metal-Metal bonding in multinuclear species is not always clear-cut. Solely on
the basis of the 18-electron rule, suggest whether (n5-C5H5)Ni(p-PPh2)2Ni(n5-
CsH;s) might be expected to contain a metal-metal bond. K]

(c) Suggest what change in cluster structure might accompany the reaction:
[Cos(CO)1sN]™ — [Cos(CO)13N]™ + 2CO [6]

(d) @) Confirm that H;Os3(CO);; has sufficient valence electrons to adopt a
triangular metal framework..

(ii) Do the modes of bonding of the CO and H ligands in (i) above affect the
total valence electron count? {51
(iii) Comment on the fact that H,Os3(CO); also has a triangular Os;-core.
(e) @) Why are the colours of Ln** ions less intense than those of the first-row

- transition metal ions? [3]
(i)  Why are Eu** and Yb** somewhat more stable with respect to oxidation
than other Ln** cations? [3]



QUESTION SIX

(a)

(b)

(c)

(d)

(e)

Suggest products for the following reactions.
@@ CIF + BF; —»

(ii) CsF + IFs >

@iii) SbFs + CIFs —»

(iv) MeNF + IF; —» (4]
Predict the structures of

@O  [ICL] (i)  [BrFs]" (6]

@) pse Hund’s rules to derive the term symbol for the ground state of Ce**
(ii) lfcl)tr:lr.lce calculate the value for the effective mggnetic moment, s, of Ce*™.

(5]
Identify the starting isotopes A and B in each of the following syntheses of
transactinoid elements:
6)) A+ 42He - 256101Md + lon
(i) B + %0 - »5uNo + 5(0n) [4]

Identify isotopes C — H in the following sequence of nuclear reactions:
L o B P
@) By—>Cc—"D "E

6 (ny) B

) F—>G— *Am —> H [6]
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