#1.
. Consider a calculation on Hz20 - in which the basis consists of
2px,2py and 2pz cn oxygen as well 'as 1s on each of the hydrogens
‘ _;'Assume that the interaction <1sH1H]2po> numerically is much smaller than
the difference between the 1s orbital energy E(1sH) and the 2p orbxtal '
energy E(2po) .In thxs case the orbxtal energxes and molecular orbrtals can
be found by perturbatlon theory Assume further that 2po is of !owex energy :

than i1sy.
]
Fas

(a) Give an éxp’ression for the molecular orbital energies'in H20 using M"Aﬁ‘“i .

| perturbation theory in terms of E(‘isH) and E(2po) .the H-O-H bond angie
® as well as the 80(1 sH 2pg) overlag. Make use of the apprcxxmatlon

' cisiHizpos = <1si2ponlE(1si E@po)]
(b) Assuming that the total energy is the sum of the orbital energxes fi nd
\ ihe optimal bond angle @ ‘for HgO according 1o perturbatxon TM

theory. DiSCUSS quahtatwely how this predlction m:ght be modnfxed by
mciudmg 25@ into the basis.



#2
The molecules XoHy , where X = C,Si, Ge,Sn, and Pb, might be considered as
dimers of the carbene type fragments. The XpH4 systems can have either the planar

configuration 1 or the trans-bent conformation 2 in the ground-state depending on X.
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(a) Construct a molecular orbital level diagram for XHj according to the simple

theory of the notes. Indicate the ground state and the first excited state
(b) What are the point group symmetries of 1 and 2

(¢ Const;uct the moleculai' orbital ‘diagram and molecular orbitals of
1and 2 Construct the orbitals of 1 and 2 as linear combinations of the XHy
fragment orbitals . Indicate the symmetry é.nd occupaﬁoné of the orbitals. |
(d) Correlate the orbitals of 1 with those of 2 and indicate the differences in
mixing for the two conformations

- () Comment on why some elements X might prefer 2 over 1
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Consider the AYA molecule with d,. symmetry @2 shown in 1 .
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We have Yl,A Y2 in the xz-plane and Y3, 4 in the YZ-plane.Our angular degree

of freedom 1s 6= YlAYZ Y3A.Y4

The basisset for our calculation is given in 2

a/ What is the svmmetry( e.i. :al,az,bl,bz,e) of B, 3P, 9P, according to the

character table for dzd given belov. A TA A

b/ From the four atomic ¢=-orbitals(i.e. : 1362903,64) construct four symmetry
orbitals(xl,xz,xs,XA)Fuch that XZ’XB’XA only have non—zero overlaps with

p. »,p_ and p, respectively ;and ¥, have zero overlap with all three nmorbitals,
x. 2y Z ] 1

A A a
~indicate their
Tllustrate the orbitals and = =m svmmetry according to the character table,

¢/ Find the molecular orbital energies as a function of (X,a,% %and correlate

orbitals'at = 109 with orbitals at 1800 The constants arK are»defined in




N

/ What 1s the optimal angle © for a molecule with 4-electrons,5-electrons

“and 6-electrons respectively.,

Charac;’:er Table for D2d
E 28, c, 2c, 2 o
A1 1 1 1 1 1
A2 1 1 1 =1 -1
Bl 1 =1 1 1 <=1
B, 1 -1 1 -1 1
. 3 20 -2 0 0

- NB1 ;.,Y;ou -might like to read Purcell and Ko.tz' p.‘82-—96
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a/ &
The molecule BHBDz,where D is deuterium, would have s bipyramidal geometry of D3h—~sym;

Consider the oxidative concerted addition of D2 to BH3 3

BH, + D, = BH.D, (1)

in which the D-D bond during the reaction is perpendicular to the molecular plane of

BH3 and the product have the two D-atoms in the axial positions,l , (trams addition)

Draw a full correlation diagram for the process and discuss whether the process is

symmetry forbidden or symmetry allowed.

Consider the same approach as in 1 but now with the two D-atoms adding in the

4'vvr":equatorial plane as shown in 2(cis addition ) .

S

2 .

‘Draw a full correlation diéz@ and discuss whether thé process in sg‘is symmetry fordi-

g

or svmmetry allowed

b/ Consider next the orocess 3

P ————



in which C12 adds in a concerted process perpendicular to the molecular plane of soz.

The SO2 molecule has four electrons and only one sigma orbital from each oxygen takes

part in the bonding.

The C12 molecule has two electrons andfonly'one sigma orbital from each Cl-atom takes

part in the bonding,

The SOZCI2 molecule has six electrons and you might represent the molecular orbitals of
by those of a AYA molecddle but classified according to sz symmetry,

502C12

Draw a full correlation diagram for the process 3 and discuss whether it is symmetry

allowed or symmetry forbidden.



