—

for Mg, Your diagram should show the Mg 3= und O 2p energy levels, and the Mg() molecular
wrbitals formed fron them, Indicate which atomic orbitals contribate to the molecular orbitals,
I.abel the molecular orbitals, including non-bonding orbitals, & o or 1 but do mol number them.

(b1 (3 movks} (1) State why the molecubar orbitals in () ame not lebelled with subscripis @ and’or u.

{ii} Is the molecule Med stable with respect w Mg and O atoms ot room temperature? With
respect 10 which substance might molecular MgO be unstable at room temperature?

(i1} According 0 vour diagram in part {a), what is the bond order of the diatomic molecube Mg(?
Will Mz be paramagnetic or diamagmehc?

(uestion 3

Thiz guestion carvies ¥ per cent of the marks o thiv assipmavend, and tesic Ledarmivng Chadcomes |,
10 g 120 Book &

(a) (5 mrarks) List the symmetry elements of the molecule diborane, ByH, (sce p. 72 of Book &),
uzing syinbols.

(b} (4 marks) Use enber the Mow chart af the back of Book & or Figure 6,07 1o establish the
symimedry point group of BoH,,, Briefly explan how you arrived @ your answer.

Cruestion 4

Thiz question carries 6 per comd of the morks for this assigamen, ard fests Learning Owtcomes [,
o, el T nf ook o,

{a} {4 marks) You have been asked o perform an ab i caloulation on ethene to calculate its
speciroscopic propertics. This requires an optimized geomesry {that 35, the geomerry has been
atlowed 1o change until & minimum energy is reached) that accurately reflects the experimental
ceometry. Decide whether vou will use o Hardree -Fock (HF) or DET method and a large or small
basis sel, Give the reasons for vour choice. Select the file with: the results of vour chosen
calcutation on, and mepseme the C=C and C=1 bond distances and the #HCH bond angle. The
experimental valees are:

C—C bond distance 1.34 &, C—H bond distance 1.10A, and < HCH bond angle 116.7%
Compare vour values with those given above, and suggest how you might improve the calculation.
Eelevant files on CID-REOM in molmosd!mobecule are piven m Table |

Talde 1
Mlctbud e of s =t |'-I|.C_ o g
HF sl ETHEMENFSMALLMSY
HF large ETHEMENFLARGE MY
IFT somall FEIHEMED TSMALL MY
DET barpe ETHENEIN TLARGE M3Y

(b (2 marks) Copy the structure of AZT {Structure 4.2 on p. 139 of the Book 6 Case Study), and
inddicate on it all the sp* hybridized carbon atoms. Will this molecule have a delocatized T orbital?

{acstion 5

Thiz question carries O per comd of the morks for thix aesfpament, amd fests Leavndng Owtcomes T
I3 aved IS of Bl £

Will the replacement of a small proportion of Ga atoms by Mg atoms in Gads lead o the
cencration of a p-type or an n-fype semiconductior?

Draw encroy-level diagrams for pure Gads, and for Gass doped with 3 small proportion of Mg on
thie Ga sites.

Uze your diagrams e explon why doping with Mg atoms increases the conductivity of Gads,



