UNIVERSITY OF SWAZILAND

FINAL EXAMINATION

ACADEMIC YEAR 2008/2009
TITLE OF PAPER: INORGANIC CHEMISTRY I
COURSE NUMBER: C301
TIME ALLOWED: THREE (3) HOURS
INSTRUCTIONS: THERE ARE SIX (6) QUESTIONS.

ANSWER ANY FOUR (4) QUESTIONS.
EACH QUESTION IS WORTH 25 MARKS.

A PERIODIC TABLE AND A TABLE OF CONSTANTS HAVE BEEN
PROVIDED WITH THIS EXAMINATION PAPER.

NON-PROGRAMMABLE ELECTRONIC CALCULATORS MAY BE USED

PLEASE DO NOT OPEN THIS PAPER UNTIL AUTHORISED TO PO SO BY
THE CHIEF INVIGILATOR.

“Marks will be awarded for method, clearly labelled diagrams, organization and
presentation of thoughts in clear and concise language”
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Question One

Give the [IUPAC name for each of the following:

i)  Ks{Mo(CN)]
ii)  [Cr(NH3)e][CH(CN)s
iii)  [Co(DMSO)sJ(ClO4)3

[6 mks]
Give the formula and draw the structure of each of the following:
Tetraoxomanganate(VII)
' Bis(acetyacetonato)oxovanadium(IV)
Tri-p-chlorobis(trichlorotungstate(IIT))
[6 mks]

State the type of isomerism that may be exhibited by the following six-
coordinate complexes, and draw structures of the isomers:

i) Ru(py);Cl;
ii)  Ru(bpy)Cl
ili)  Ru(dien)Br;
[13 mks]

Question Two

The first charge uansfer band for [Mn04] occurs at 18320 cm™ and that for
[MnO4]? at 22940 cm”. Explain the origin of these absorption bands, and
comment on the trend in relatlve energies on going from [MnO4] to [MnO,J*

[3 mks]

Dissolution of vanadium metal in aqueous HBr solution leads to formation of
a complex corresponding to formula “VBr3.6H;O0”. X-ray diffraction data
reveal that the compound contains a complex cation containing a center of
symmetry. Suggest the poss1b1e formula(s) and stmctme(s) for the complex
cation.

~ [6 mks]

Give an explanation for the fact that the complex [Co(en),Cl,}o[CoClL] has a
room temperature magnetic moment of 3.71 BM
[6 mks]

The treatment of an aqueous solution of NiCl, with HzNCH(Ph)CH(Ph)NHz
gives a blue complex (ps = 3.30 BM) which, upon heating, forms a yellow
diamagnetic compound. Suggest explanations for these observations.

[10 mks]



Question Three
a) Comment on the following statements concerning electronic spectra

i)  [OsClg)* and [RuCls]* exhibit LMCT bands at 282 and 348 nm
respectively [6 mks]

cowsii) - [Febpy)sP is expected to exhibit an MLCT band rather than
an LMCT band
[4 mks]

b)  Values of Racah parameters B for free gaseous Cr’*, Mn®" and Ni**
jons are 918, 960 and 1041 cm™ respectively. For the correspondmg
hexaqua ions, values of B are 725, 835 and 940 cm™ respectively.
Suggest a reason for the reduction in B upon forming each complex
ion.

[S mks]

c) The electronic sipectrmn of [V(H,0)s]>* shows peaks at 17400, 25200

and 34500 cm™. Use the diagram below to assign the peaks and

calculate the values of x, A, and the Racah parameter B.
[10 mks]
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The Orgel diagram for Question 3 ¢)



Question Four

a) Complete and balance the following reactions:
) [Cr(H0)q”(aq) + HOQ) =

ey [CIOP@Q+H @)=
iii) TiCly + ROH + R’NH, —

A

iv) V+0,
V) Mn + O, _—A"
[8 mks]
b) Draw the structures of the following:
i)  [TiOMMSO)s]Cl, DMSO = CH;S(O)CH;
i)  [MoSJ*
i)  [CuO,J*, coordination no. =4
iv)  VFs(s), coordination no. =6
[8 mks]

c)  Gold does not dissolve in hydrochloric acid, but does dissolve in aqua
regia, which is a mixture of hydrochloric acid and nitric acid. On the
other hand, nickel easily dissolves in hydrochloric acid as well as in
aqua regia. Explain the observed difference in the properties of the two
metals. Where necessary, your answer should be accompanied by
reaction equations. '

[7 mks]

d) Explain why Zn(II) compounds are diamagnetic irrespective - of
the coordination environment of the zinc(IJ) ion.

[2 mks]



Question Five
a) Define and give one example or illustration of each of the following

i) Kinetically inert complex
ii) Anation reaction
weaiii) .-~ Mixed-order reaction
iv)  Self-exchange electron transfer
[8 mks]

b) ~ Consider the reaction
MLX+Y — MLY+X
where X is the leaving group and Y is the entering group. Use
appropriate reaction equations to illustrate the two possible limiting

mechanisms and sketch reaction profiles for each of the reaction
pathways. The diagrams should be labeled, indicating reactants,

intermediates (if any), etc. [11 mks]
c) Using a sequence of reaction equations, give an outline how you would
prepare \

i) cis-[PtCl(NH3)}(NO-)]
ii) trans-[PtCl;(NH3)}(NO,)]
| [6 mks]

Question Six

a) With the help of the flow-chart which is provided, determine the point group
for each of the following:

i) B.Hs
H, /H\B H
H™ N

i1) 1,5-dichloronaphthalene

»

(99

iii) O=C=



.b)

iv)  Boric acid, B(OH);

[12 mks]

The complex ion, [P{(CO)sJ**, has one strong peak at 2235 cm™, which is
assigned to a C-O stretching vibration mode, in its IR spectrum and this peak
is absent in the Raman spectrum. In the Raman spectrum, two absorption
bands (which are absent in the IR spectrum) due to C-O stretching are
observed at 2257 and 2281 cm™. Show that these data are consistent with the
structure of [Pt(CO)sJ** having Dy;, symmetry.

[13 mks]
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Cubic groups

The flow-chart (Decision tree) used for assigning point groups
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Cd** + 2¢” Cd ~0.403.
Cet 4o = Crt* 041 .
Pt gde =Fe ~0.44p.
2C0, + 3H* + 2 .= HG0. <049
H,PO; + 2H* +2¢~ " = ‘= HPH,0, + H,0 —0.50
U** 467 - =y ~0.61
L Zndt +2e7, = Zn ) -0.763
Cri* 4 2¢” = Cr ' ~091
Mt g 26" ="Mn —~1.18
L Zet e deT = Zr ~1.53
T3 4+ 367 = Ti ; ~1.63
AP R 3e = Al —166
Th** +4¢” = Th ~1.90 .
Mgt + 2¢” = Mg —-237
La®* +3e™ = La -252
Na* +¢” = Na ~2.714
Ca®* 42¢~ =-Ca =287
St* 4 2e7 = Sr’ ~2.89.
K* 4 e =K —-2925
o Li*t 4 = Li —3.045
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