Chemistry 332 Problem Set #2 (due Tuesday 31 January, i class)
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A ground-state electron is in a one-dimensional box between x = —L/2 and x = L/2. If the potential energy
the box is zero, the wave function and the energy of the electron are

wi(x) = (2/L)"2cos(n x/2L) E1 = h*/8mL?

Suppose the linear electric potential ¢(x) = bx is applied to the box. (b is a constant.) Use perturbation thec
to estimate AE, the first-order correction to the energy. Hint: H® = —ep(x)

a) The trial wave function with adjustable parameter Z'
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for the energy of the hydride ion (H"). Calculate the optimal values of Z' and E'. Based on screening effect
is the value of Z' physically reasonable?

b) Based on a, is H™ likely to exist as a stable chemical species? Discuss briefly. Hint. Consider the
energetics of ground-state hydrogen atom (E1 = —13.60 €V) reacting with an electron: ¢~ + H = H™.

Classify each of the following functions as symmetric, antisymmetric or neither.

a) A1) g2)a(l) a(2) b) ADA2) [a(l) B2) - 2) 1))
) AADNA)N3) a(1) a(2) oA3) d) exp[-a(r - r2)]
e) [f1) g2) -A2) eM]e()) A2) - 2) f(1)] f) expl[-a(r - r)’]

Does a non-trival solution exist for the following set of homogenous equations? Justify your answer.

3ci + 42 + 3 = 0
ca + 3c2 - 2¢c3 = 0

et — 2c2 + 4¢3 = 0
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d) Y= exp[-a(n-re)]
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