UNIVERSITY OF SWAZILAND

SUPPLEMENTARY FINAL EXAMINATIONS

ACADEMIC YEAR 2009/2010
TITLE OF PAPER: INORGANIC CHEMISTRY
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.

THE FOLLOWING HAVE BEEN PROVIDED WITH THIS EXAMINATION
PAPER:

Periodic Table of the Elements
Table of Universal Constants

+ Tanabe-Sugano diagrams for d°, d°, d* and d° octahedral
complexes

+ Character tables for C,, and D3, point groups

+ Decision Tree

ELECTRONIC CALCULATORS MAY BE USED
PLEASE DO NOT OPEN THIS PAPER UNTIL AUTHORISED TO DO SO BY
THE CHIEF INVIGILATOR.

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



Question One
a) Give the IUPAC name for each of the following:

i) K;s[Mo(CN)]
i)  [Cr(NH;3))[Cr(CN)e)
i)  {Co(OH)s](ClOs),
iv)  K,[NiCL]
[6 mks]

b) Give the formula of each of the following:

1) Sodium pentacyanonitrosyiferrate(I) dihydrate
it) Potassium pentachloronitridoosmate(IV)

fii)  Tetraammineaquacobalt(1I)-p-cyanobromotetracyanocobaltate(TIT)
[6 mks]

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

i)  [Rh(Ch:(en)]
ii)  [RuCls(SCN)]*
111) Ru(NH3)3B1’3
[13 mks]

Question Two

1) Sketch the structures of all possible isomers that may arise from the
following complexes:

1) [Ni(SCH,CH,NH3,),], square planar
if) [Co(en)s]**

[6 mks]

b) For each of the following complexes, give the oxidation state of the metal and its
d" configuration.

) [Mn(CN)]"
if) [Cr(acac)s]
[4 mks]



¢) Stepwise stability constants (at 303K) of [[Ni(OH,)s.x(NH3):], where x=1-6, have

b)

d)

been found to be as follows:

logK;=2.79
logK,=2.26
logK3 =1.69
logKys =125
logKs =0.74
logKs =0.03

1) Give the reaction equation that cormresponds to each of the
equilibria

ii) Give the expressions for Ks and P3¢ (in terms of concentrations)

1i1) Calculate the value of B

iv) Calculate AG® at 303K corresponding to B

V) Supposing ethylenediamine is used in place of NH;, do you expect
6 to be smaller or larger? Explain your answer.

[15 mks]
Question Three
Write down the formula for each of the following:
1) Sodium trichloroammineplatinate (II)
i1} mer-Trichlorotris(triphenylphosphine)ruthenium(TII)
iii)  Potassium pentacyanonitrosylferrate(ll) dihydrate
[6 mks]

The value of the molar extinction coefficient, sy, for the most intense band in
the electronic spectrum of [CoCl]* differs from that of [Co(OH,)s)* by a
factor of 100. Comment on this observation and state which complex is
expected to exhibit a higher value of £y,y.

[7 mks}

The electronic spectrum of a solution containing [V(OH,)e]*"exhibits two
bands which are found around 17200 and 25600 cm™. Assign the bands and
state whether the number of bands observed is consistent with the Tanabe-
Sugano diagram for the complex. If any band is missing, suggest an
explanation. [6 mks]

Red crystalline [NiCl,(Ph,PCH,CH,PPh;)] is diamagnetic. On heating to
387K for two hours, a bue-green form of the complex is obtained which has a
magnetic moment of 3.18 BM at 295 K. Suggest an explanation for the
observations and draw the structures for the complexes.

[6 mks]



b)

4

b)

Question Four

Consider the ligands CO, F, and NH3, and then answer the following
questions:

1) Classify the ligands as being o-donor only, o-donor plus n-donor or o-
donor plus n-acceptor

it) State which orbitals are involved in n-bond formation, if any, with the
metal ion in an octahedral complex. Give diagrams to illustrate how
the overlap takes place
[6 mks]

Obtain ground state terms of free ions with the following electron
configurations:

iy 34
iy  3d®
[4 mks]
What is the “hole formalism"? Give two examples to illustrate your answer.
[4 mks}
State the following rules:
1) The spin selection rule
ii) The Laporte selection rule
[3 mks]

Explain the origins of LMCT and MLCT absorptions in the electronic spectra
of d-block metal complexes. Give two examples (one for each type) to

illustrate your answer.
[8 mks]]

Question Five

Briefly discuss the observed trends in the stability of oxidation states across
the periods from left to right and down the groups. Use examples to illustrate

your answer.
[6 mks]

The value of the magnetic moment, pe for [C0F6]3' is found to be 5.63 BM.
Explain why this value does not agree with the value for magnetic moment
calculated using the spin-only formula.

[S mks]



c) Give the products that are formed and rationalize the nature of products
formed when [PtCL]* reacts with NH; and NO, as follows:

1) [PtCl)* first reacts with one equivalent of NH; to form a product
(PP1) which then reacts with one equivalent of NO,™ to form the final
- product (P3)
ii) [PtCLJ* first reacts with one equivalent of NO,  to form a product
(P3) which then reacts with one equivalent of NH; to form the final

product (P4)
[6 mks]

ii) Suggest a mechanism for the following stereoselective reaction:

Trans-[PtL,CL]+Y » Trans-[PtL,ClY] + CI’
[4 mks]

iii)  Rationalize why [Fe(H,O)J*" and [Fe(CN)s]", both octahedral Fe(I)

complexes, are paramagnetic and diamagnetic respectively.
[4 mks)

Question Six

a) The carbonate ion, COs%, can serve as a ligand. When it does so, the
symmetry is lowered from Dy, (for the uncoordinated ion), to Cyy (for the
monodetate ligand or bidentate ligand). Thus infrared spectroscopy makes it
possible to distinguish coordinated carbonate from uncoordinated carbonate.
Using internal coordinates, determine the symmetries and number of
stretching IR active and Raman active bands for

1) Uncoordinated carbonate
i1) Monodentate carbonate, M-O-CO,, where M= metal center
[20 mks]
i
0
o] )\
o/\\o 0" "o
Free Carbonate ion coordinated
carbonate jon to a metal ion M
(D5, point group)  (C,, point group}
l_
b) Two isomeric six-coordinate coordination compounds have the formula

Co(NH;)sBr(SOy4). Give the formulas of the two complexes. What chemical

tests would you carry out to distinguish the two isomers?
[S mks]
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PHYSICAL AND CHEMICAL CONSTANTS
Avogadro’s number N, = 6.022045 x 10 mol"!
Electron charge e = 4.8030 x 107! abs esu
= 1.6021892 x 107 C
Electron mass m, = 9.1091 x 107% kg
= 54860 x 10~% amu
= (.5110 MeV
Proton mass m, = 16726485 x 10°% kg
= 1.007276470 amu
Gas constant R = 8.31441 ] mol™? K!
| © = 1.9872 cal mol™! K™
: = 0.08206 L atm mol™! K~!
. Ice point ‘ = 273.15 K
‘ Molar volume = 22414 x 10* cm® mol™!
‘5 = 2.2414 X 107? m® mol™!
Planck’s constant h = 6.626176 x 107 J s

6.626176 x 10~ erg s

i

Boltzmann’s constant k= 1380662 x 10-* ] K-!
Rydberg constant ® = 1.097373177 x 1077 m™!
Faraday's constant 5 = 9.648670 X 10* C mol™!
Speed of light ¢ = 2.99792458 x 10* m s°!
Bohr radius ay = 0.52917706 x 107" m
Other numbers w = 3.14159
e =27183
In 10 = 2.3026
\ CONVERSION FACTORS
_' 1 cal = 4.184 joules (J)
' ‘ 1 eV/molecule = 96.485 kJ mol™!
= 23.061 kcal mol™!
1 kcal mol™! = 349.76 cm™!
. = 0.0433 eV
1 k] mol™! . = 83.54 cm™!
! wave number (cm™!)- = 2,8591 x 10~% kcal mol™!
1l erg = 2390 x 10°!" kcal
| centimeter (cm) =10% A
: = 107 nm
1 picometer (pm) =102 A
1 nanometer {nm) =10 A




730 . TANABE-SUGANO DIAGRAMS
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