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QUESTION ONE

(a)

(b)

(c)

(d)

(e)

Determine the specified quantity on the basis of the 18-electron rule:
) The number of CO ligands in [(n’-CsHs)W(CO),]> having W-W single

bond.
(i)  The identity of the first-row transition metal in (n*-CsHg)M(CO)s.
(iii)  The expected charge on [(CO);Ni-Co(CO);]% [3]

Sketch the structures of the following compounds, given that the central metal
atoms obey the 18-electron rule.

@ (-CsHs)Mn(CO)s

(ii)  trans-bisftetracarbonyl(triphenylphosphine)manganese(0)] [4]

NaMn(CO)s reacts with H;C=CHCH,Cl to give A + B. Compound A obeys the
18-electron rule and shows protons in three distinct magnetic environments.
Water-soluble compound B reacts with aqueous AgNO; to give a white
precipitate that turns gray on exposure to light. When heated, A gives off gas C
and converts to D, which has two distinct magnetic environments. Identify
compounds A to D. (4]

Predict reasonable products for the following reactions:

i)  (M*CeHe)Fe(CO); + PPh; —

(11) CI'(CO)s + CH2=CH-CH=CH2 —>

(iliy Co(CO);(NO) + PPh; —

(iv) Mo(CO)s + (CH;),PCH,CH,P(Ph)CH,CH,P(CH3); —

(v) H;C-Mn{CO)s + SO, — (no gases are evolved) [10]

For each of the following sets, which complex would be expected to have the
highest C-O stretching frequency? Explain.

(i) Fe(CO)4(PF3), Fe(CO)4(PCl3), Fe(CO)4(PMe3)

(ii))  [Re(CO)]", W(CO)s, [Ta(CO)e]” [4]
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QUESTION TWO

(a) On the basis of cluster valence electron count, predict the structures of the

following species:
(i) FesC(CO)s

(i)  NisOs(CO)a4 [4]
(b) Based on isolobal analogies, choose the organometallic fragments that might
replace
(1) CH," Fe(CO)s, Mn(CO)s. or Re(CO)4
(i) CH Ni(CO)3, Co(CO)3, or Mn(CO)4
(iii) CHj; (n°-CsHs)Co(CO), Mn(CO)s, or Cr(CO)s [3]

(c) Use Wade’s rules to predict the structures of the following:
@) RuﬁC(CO)n3
(i)  [Rh(COhe™
(iii) FesC(CO)y3 [6]

(d) Consider the polynuclear carbonyl hydride complex, H2Os3(CO)10
(1) Write down the equation for the formation of this species.
(i1}  From the application of the 18-electron rule, comment on the structure of
this molecule.
(iii) Compare the reactivity of this molecule to that of the complex Os;(CQO),,.

[ol
(e) Account for the observation that only a single carbonyl stretching band is
observed for the ion [Co(CO)s(PPh3),]". (3]
() Consider the following species:
(i) NiINO ()  (m°-CsHs)Ni (iii) BF
With which of these species are CO, Co(CO), and (°-C¢Hg)Co isoelectronic so
far as valence electrons are concerned? [3]
QUESTION THREE

(a) (i) What 1s an “oxidative addition” reaction? Give an example.
(ii) What are the requirement(s) for such a reaction to occur?
(iii) What is the reverse reaction called? State three requirements on the
complex that favour this reaction. [8]

(b) (1) Propose a mechanism for the following reaction: (8]
R-CH=CH, + CO + H; + Cox(CO)s - RCH,CH,CHO

(ii)  Give electron counts for all the species postulated to be involved in the
catalytic cycle for the reaction shown in (i) above. [4]

(iii) Kinetic studies indicate that the hydroformylation reaction rate is
enhanced by an increase in H, pressure and inhibited by an increase in CO
pressure. How is the mechanism in the above cycle consistent with these
observations? {5]



QUESTION FOUR
(a) Discuss the steady decrease in ionic size of the Ln>* ions across the period.[5]
® 3§ Why are the colours of Ln’" ions less intense than those of the first-row
transition metal ions? [3]
(iiy  Which Ln*" jons would you expect to show the same colour as
(1) Eu® ) pr* (3) Dy** [3]
Explain. 2]
(ifiy Why are Eu** and Yb®* somewhat more stable with respect to oxidation
than other Ln** cations? (3]
© @ Determine the number of unpaired electrons in Er*". f1]
(i)  Derive the ground state term symbol for Er**, and calculate its magnetic
moment. [6]
(iii)  Write the symbols of two lanthanide metal ions whose magnetic moments
can be calculated by the spin-only formula. [2]
QUESTION FIVE
(a) Predict the products of the following reactions of interhalogens:
() IFs + CsF —
(i1) CIF; + H;O —
(iii) BrFs + F, — [3]
(b)  The structure of I3~ is highly sensitive to the identity of the counter-ion. Describe
the structure of I3~ in combination with
() [N(CH)]
Gi) Cs' [4]
(c) Write the self-ionisation reaction for ICl and predict the structure for the anionic
compound formed. [3]
(d) Suggest an equation for the preparation of each of the following species and
predict the structure of each of them.
(i) [ICLT (i)  [BriCl]” [6]
(e) (1) Give two ways used to prepare actinide metals from actinide salts. [4]

(ii)  State the two factors on which the general methods for the preparation of
synthetic actinides depend. [2]
(iiiy  Using the reactor irradiation method, write down a sequence of nuclear

reactions that will produce %, Np from U (3]



QUESTION SIX
(a) (i) For each of the following elements, identify one significant role in
biological processes:
(1) Mg (1]
2) Co (1]
@) K (1]

(i)  Why are d metals such as Mn, Fe, Co, and Cu used in redox enzymes in
preference to Zn, Ga, and Ca? [1]

(iii) Metal ions in animals are often coordinated by nitrogen donor atoms.
Give two examples of Nature’s nitrogen ligands. 2]

(b) Briefly discuss CO poisoning. [3]
(c) Using the most appropriate acid-base theory, identify the acids and bases in
the following reactions:

(i) Si0; + Na;O — Na;ySi0, [2]

(i) ClPO + CI” » ClLPO [2]

(iiiy BF; + 2CIF — CLF' + BF4 [2]

@ O Name three properties that determine the utility of a solvent. [3]

(i)  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; S CdF, + Cal, [2]

. (2)  [CuL + [CuCL]* & [CuClLF + [Culj™ [2]

(iii)  Account for the trend in acidity:

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