Problem 1

Consider the electronic state of hydorgen molecule ion i[[;j. The Hamiltonian |’H|H;j| is given by,
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where A — 82/822 + 92/ 5y2 4 52 s the differential operctor of kinetic energy and Up = — ==~ 5=
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is the Coulomb attractive potential energy hetween electron and nuclei. r. Ry, Ry, are the position vectors

at electron. and neclear A and B. respectively. e and m 1= the charge and mass of electron. hih

is the Plank’s constant. When £y, is the eigen energy for the 1s state of hvdrogen atom and iy (
Up(r) are their eigen function for the nuclear A and B. respectively. Anser the following prohlems.

The transler integral (¢) and the Coulomb integral are respectively defined by
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lap integral (S) of the 18 wave function for the A and B nuclear is also defiend by
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Then, the owve

S = [glr)iy(r)dre
[ 1 | Write down the following matrix elements of H(]];’_]_ r‘u(r]|?—g‘_(]]3'_]|r‘u[1‘] r'u(l‘_l|')-{(]]3']|r BTy =,
- r‘b(r]|'Hl:[[;]\f‘q(]'] r-b(]']|'H(]]g']\rb(r] = in terms of the basic funetions of 1 (r) and Uy}
and express them. using Eyg, ¢, w, S.
[ 2 | Consider the electronine state of Hy by means of the molecular orbital method. Assume that it is

given by

W(r) = cqiig(r) + cpibp(r),
When this Shorendinger equation iz expressed hy
H(H W = B

oo using Fye fow. S and expess the corresponding eigen function,

Write down the eigen energy Fy. [
Uy (1) and Pa(r) in terms of g (r) and dy(r), S, Here By < Eo
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Problem 2

Consider the electronic state ol hydorgen molecule ion \[['2"1. The Hamiltonian |'H[[['2" i| is given by,

H(11y )

at electron, and neclear A and B. respectively. e and m is the charge and mass of electron. h(h
is the Plank's constant. When £, is the cigen energy for the 1s state ol hydrogen atom and 9 (r) and
wp(r) are their eigen function for the nuclear A and B. respectively. Anser the following prohlems

The transfer integral (f) and the Conlomb integral are respectively defined hy
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Then. the averlap integral (S) of the 1s wave function for the A and B nuclear is also defiend hy
S=]

[ 1 | Consider the spin state for hydrogen molecule Hy. Answer the size of total mumber o

a1 )il dr

spin. S

s1 + s2

[ 2 | Write down all possibe electronie states Wy (ri.ra) for hydrogen molecule Ha corresponding to each
the spin state obtained in [ 1] as funetions of Wy (rq ). Uyira), Walry) and ¥a(re) and describe why
It is so wirtten.

[ 3 ] Answer the cigen wave function W, (11, rojg and eigen energy g at the ground state as functions

of Fis. t.u. S, U0 K. J. Here all the integrals on the Conlomb repulsive interaction are defined as
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. then all other integralz are ignored. Note rys — rq — ra.

follows:




Problem 3

Ou = Ty 19e(Dgo(@ + o(1g(2)]

Show that the expectation value of eigen energy

<@ |H=(H" + H’, + e%/r},)| @y >=Eyy,

ExL = T_:l‘_l_STf ¢a(1)¢'b(2)H[¢a<1)¢b<2> + gbb(l)glfa(Z)]dwdvz
iS given by Exuy = 2FE, + 1-?52 + 1_;_]52
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where o=[fs 0o (- g —FtRr vy Jdvde
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Problem 4
We define the ,
following integrals [ / /|,_a[.“;.|-z € |ta(ro)[2dryidry
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Other integrals are neglected.'- r12 =1 —r2 £9%.
Show that
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And then E,—E_, =7




