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Problem #1 (29%) -

(a) In box notation, give the complete ground-state electron configuration of each of the following
gas-phase species. You may use noble-gas abbreviations for the inner shells, if you wish.

(i) Na*
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(ii) Na** 3P
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(b) Give the chemical identity of the species with these ground-state electron configurations:

(i) aneutral atom with [Xe]4f*5d'%6s*6p”

(i1) an atom with net charge 3— and [Ar]3d'°4._vz4p6
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(iii) an atom with net charge 4+ and the PES spectrum shown
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(¢) For each of the following pairs, (1) identify the larger atom or ion and (2) give a brief explanation
justifying your choice.
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Problem #2 (14%)

(a) Sommerfeld introduced two new quantum numbers, / and m, to address certain shortcomings of
the Bohr model. By invoking either / or m, explain the observation of Michelson and Morley that
in atomic hydrogen the line associated with the transition from n = 3 ton = 2 is in fact a doublet
(pair of lines at almost identical wavelength).
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(b) Making reference to the underlying physical principle, describe how a beam of palladium anions

(Pd™) would behave in the Stern-Gerlach experiment (passage of a beam of atoms through a
divergent magnetic field).
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Problem #3 (34 %)

(a) The first ionization energy of neon is determined by photoelectron spectroscopy (PES). Calculate
the wavenumber (v ) of incident radiation that will result in the production of photoelectrons with
de Broglie wavelength (A.) equal to 3.091 x 10"’ m .
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(b) In the emission spectrum of He" calculate the shortest wavelength (A) involving electron
transitions between n = 3, 4, and 5.
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Problem #4 (23%)

The reaction of alumina (Al,O3) with carbon (C) can produce aluminum (Al) along with carbon
monoxide (CO). A reactor is charged with 99.9 kg of Al,Ozand 22.2 kg of carbon, and the reaction is
driven to completion. Calculate how much of each species is present at the end of the reaction. Express
your answer in kg.

AL, 0, + 3 —> 242+ 3CO

#.  Al= 26.98 46,0, = ro/.76
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