UNIVERSITY OF SWAZILAND

FINAL EXAMINATION
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.

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

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
Dpresentation of thoughts in clear and concise language”



a)

b)

d)

b)

Question One

Give the TUPAC name for each of the following:

1) cis-[CrClL(NH;)a]"

i) {Cr(en)s][Cr(ox)s]

i)  Trans-K[Cr(NCS-N)(NH;),]
iv) W(Me)s

|6 mks]
Give the formula and draw the structure of each of the following:
i) Mer-trihydridotris(triphenylphosphine yruthenium(IIT)
ii) Ethylenediaminetetracetatonickelate(1l)
ili)  p-oxobis(trioxochromate(VT))
[6 mks]

Show how a planar four-coordinate complex [M(H,NCH,CH,NHMe),**,
results in both geometrical isomers and optical isomers. Draw all the
possible isomers of the complex and identify the isomer that does not have
any mirror planes but is not chiral. [8 mks]

Explain the following;
i) Aqueous copper(Il) sulphate turns blue litmus paper red

it) The addition of ammeonia solution to aqueous copper(Il)
sulphate gives a pale biue precipitate at first and then a deep
blue solution when more ammonia solution is added.
[S mks]

Question Two

The reaction of [ZrCly(dppe)] (where dppe is a bidentate phosphine ligand,
Ph,PCH,CH,PPh;) with Mg(CH,). gives [Zr(CHs)s(dppe)]. NMR spectra
indicate that all methyl groups are equivalent. Draw octahedral and trigonal
prism structures for the complex and identify which structure is consistent
with NMR data

[10 mks]

Su%gest how the ligand whose structure is sketched below would coordinate to
Ru’" in the six-coordinate complex, [RuL,]**. How many chelate rings are

formed in the complex?.
[3 mks}
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¢) For [PA(CN))*, a value of B4 has been found to be 62.3 (at 298K) in aqueous
solution. For [Au(CN),], a value of B, has been found to be 10* (at 298K) in
aqueous solution.

b)

d)

1)

Write the equations that describe the processes to which these
constants refer. In each case, write the expressions for B and
calculate AG® (298K). [9 mks]

Comment on the magnitudes of the values of AG® you have
obtained. Explain why the two values are so different.
[3 mks]

Question Three
Comment on the following observations:

1) In its complexes, Co(III) forms strong bonds to O- and N-donor
ligands, moderately strong bonds to P-donor ligands, but only
weak bonds to As bonds.

[4 mks]

i) Values of logK for the reaction;

Zn™* (aq) + X (aq) = [ZnX]" (aq)
are 0.7 for X=F", -0.2 for X= Cl, -0.6 for X=Br, -1.3 for X=I
[4 mks]
Explain each of the following observations

1) [Co(CN)sJ* is a catalyst for the conversion of [Co(CN)s-NCSJ*

to [Co(CN)s-SCNJ*
[4 mks]
ii) A ligand-bridged intermediate has been observed in the
reaction

[Co(H,0)sNCS)*(aq) + He®"(aq)

[Co(H;0)6]""(aq) + [HgSCN]'(aq)
[4 mks)

Arrange the following complexes in order of increasing rate of
substitution by H,O: -

[Co(NH3)e]™", [RR(NH3)e]*", [Ir(NH;)]**
[3 mks]

Use the trans effect to sug%est routes to cis- and trans-[PtCl,{NH;),]

from [Pt(NHs)4]** or [PtCl4]
[6 mks]



Question Four
a) Draw sketches to identify the following symmetry elements:
i) A C; axis and a oy plane in NH;

it) A C4 axis, a csh plane and a o4 plane in the square planar
complex [PtCl,]*

iif) A C, axis and a center of inversion in trans-1,2-dichloroethene

[7 mks]
b) Whlch of the followmg has an S, axis? In each case, tllustrate how the
the S,' operation is effected.

i) CO; (linear)
1) BF; (trigonal planar)

ili)  MoO,* (tetrahedral
[8 mks]

c) Assign a point group to each to each of the following:
i) NH,Cl (trigonal pyramidal)

i) [S(S)0s)*, thiosulphate (tetrahedral, one of the S atoms is the
central atom)

iit)  SO,Cl, (tetrahedral, S is the central atom)
[10 mks}

Question Five

a) What d-orbital splitting pattern would you expect for trigonal bipyramidal
complex (D3, point group)? Explain how you arrive at your final answer.
[10 mks]

b) The magnetic mement of a certain Co(Il) complex is 4.0 BM. What is
its d-electron configuration? [7 mks]

c) The complex NiCLy)* is paramagnetic with two unpaired electrons, while
[Ni(CN),J* is diamagnetic. Deduce the structures of these two complexes
and explain the observations in terms of ligand field theory.

[8 mks]



Question Six

Consider a sulphite ion, SOs> which has a pyramidal shape and belongs to Cs,
point group.

a) How many vibrational modes are expected to be present in the ion?
{1 mk]

b) Use internal coordinates to determine the symmetries of all the
stretching modes of vibration in the ion.  Indicate whether they are
IR and/or Raman active. [8 mks]

¢) Use internal coordinates to determine the symmetries of all the
bending modes of vibration in the ion. Indicate whether they are
IR and/or Raman active. [8 mks]

d) Use the projection operator method to determine the SALC for each of

the stretching modes. Skeich each of the modes.
[8 mks}
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APPENDICES

4. The C,, Groups

Cw |E - Co  ofxz) oy2) I [
A, 1 1 1 z x?, y? 2%
Az 1 1 -1 - R. xy
B, 1 —1 1 — x, R, | xz
B: 1 -1 —1 »wR, | yz
. Cwn | E  2C; 3o,
A |} 1 1| = x4 p? 22
A |1 1 -1 1R,
E |2 —1 O | (x, )R, R) | (x* — »*, xy)(xz, y2)
C_4u E 2C4 C; 20’., 204
A, 1 1 1 1 11z x? 4+ p? 2?2
A, 11 1 1 —1 ~1 | R '
B, 1 —1 1 1 —i x2 — p?
B: |1 -1 1 —1 1 xy
E 2 0 - 2 0 0 (x: y)(RX ¥ Rr) (xzr yz)
6 APPENDICES
6. The D,, Groups
Dy | E Ciz) C000 Calx) i olxy) ofx2) ol(yz)
A 1 1 1 I 1 1 1 1 x?, y2, 22
B, 1 T -1 =1 1 T -1 —1 R, Xy
By 1 -1 | 1 -1 I —t Ry Xz
B, 1 —1 —1 1 1 -1 —1I 1 Ry yz
A, i 1 1 1 -1 -1 ~1 -1
By 1 1 -1 -1 —1 -t i 1 z
Bay I -t I -1 -1 1 -1 1 ¥
By 1 -1 -1 1 —1 1 1 -1 x
Diw | E 2Cy 3C, ox 253 3o, | '
A0 11 11 x4yt 27
Ay 1 P -1 1 -1 —1 R.
E 2 -1 0 2 —-1 0 (x,» (x*— »2, xy)
Ay 1 1 i -1 =1 —1
A" 1 1 —1 —1 —1 1 z .
E" 2 -1 0 =2 "1 ¢ (R, R (xz, ¥2)
D“, E ZC‘ Cz 2C2’ 2C2~ i 254 oy 20", 20‘,
Ay 1 1 1 1 1 1 1 i 1 1 x24 2 g2
Azy 1 1 1 —1 -1 1 1 1 —1 R,
By, 1 —1 1 1 -1 1 =3 1 1 —1 x?— yz
B, 1 —1 1 -1 1 1 -1 1 1 xy
E, 2 o -2 0 0 2 0 -2 ¢ 0 (R., R,) {xz, yz)
Asu 1 1 i I 1 —1 —1 —1 —1 —1
Ay I 1 1 —1 —1 —1 —1 —1 1 1 z
B 1 -1 | B | 1 —1 —1 1
B, 1 -1 1 —1 1 -1 1 —1 1 -1
E, 2 0 —2 O 0 —-2_.0 2 ©0 O (x, ¥}




Cubic groups

The flow-chart (Decision tree) used for assigning point groups
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