E45 MidTerm 2006
Solutions
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1.

(a) Briefly explain why the energy of a hydrogen molecule, Hy, with both electrons in the
bonding orbital is lower than the energy of two hydrogen atoms in which each electron is
in the 1s state.

g bcmil.;j 9rh;-§-l}‘mv&&4:~fﬁa I JTWM 5? 5{4— ﬁ :{'ii-u.,
AT N TR Smﬂ'j-f'f{ hud jS Gitmiz o0 b fafs Fren. b Hhtdﬂ'-'dtm‘L.
L,lf"d ll_i kL%L\ r'n b Splet

'.P -
4: // hond ) | @ Latueentre Znueled, ‘fle_ coulombore
/\_/\ W i Ls eabomic ot 3 abtbudin f ek fahﬁww}'ti
l ~ 3 lowees dre fnprsyy s dees Beforednin
R @ QM_O'E'M 2 E,l! f-‘{*’l‘\.‘F g.glu,lﬁ\. @M

A |n~l_zg;_.;;ilr ceprlsin. )
(b) Briefly explain why the energy of a hydrogen molecule, Hy, with both electrons in the

anti-bonding orbital is higher than the energy of two hydrogen atoms in which each
electron is in the 1s state.
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(c) Briefly explain why the crystal structure of almost every metallic element is either
fce, hep or bee.
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(d) Briefly explain why solid helium is not an electrical conductor but solid magnesium

is.
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(e) The electronic structure -:‘ff‘élh Fe atom (Z=26) is given by 152s*2p"35%3d%4s*. The

five boxes below represent the ten possible 3d states. Each box can accommodate 2

electrons. Indicate in the figure the occupied 3d states and the direction of electron spin
in each of the occupied 3d levels.
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&
{a) What determines the relative values of the standard reduction potentials of elements w
listed in the Table on the front page of the exam booklet.
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(b) List four methods for lowering the corrosion of a metal in an agueous solution,

(1) Cottolic polorizabe (or coboli peofechen)
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{c) According to the Environmental Protection Agency. the concentration of
lead (Ph) in drinking water should be no greater than a few parts per billion
(ppb). What concentration of Pb™" is required to stop the corrosion of a
lead pipe that is carrying drinking water that is saturated with air and that
has a pH of 8.07 (Note: 1 ppb of Pb in water is equal to 4.75 x 10" moles
of lead per liter of water, i.e., 4.75 x 10”M. You may express the
concentration of lead in units of ppb or M)
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When nickel is immersed in deaerated 1M HCI at 25° C, a large number of gas
bubbles are formed on the surface. The corrosion potential of nickel is measured to
be -0.05V vs. SHE and a steady state concentration of Ni** of 10-5 M develops on
the solution side of the interface. The exchange current density for the oxidation of
nickel immersed in 1M HCl is 4.23x10°° A/em2, The slope of the kinetics of the
oxidation of nickel in 1M HCl is 12.5 V! (i.e., Allogsi)/A(A¢) = 12,5V, The slope
of the kinetics of the reduction reaction on nickel in oxygen-free 1M HCl is -5.55 V-1,

(a) Determine the corrosion rate of nickel.

(b)  Determine the exchange current density of H' reduction on nickel.
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4.
(a) What are the Miller Indices of a plane that intercepts the crystal axes at x=3,
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(h) Calculate the spacing between parallel planes that have the Miller Indices
determined in part (a).
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(c) Specify the direction perpendicular to the plane in part (a).
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{(d) Calculate the angle between [112] and the normal to the plane in part (a).

(os _‘[;n.t:] c Ludd | e ey

w4930 (o (2

=2« = HUg°




®

<

This question asks you to calculate the entropy change of the system plus surroundings
for the following chemical reaction: Hag) + Y2 Oag) -> H20(. That is, gaseous hydrogen
and oxygen react to form liquid water, which occurs spontaneously and isothermally at
room temperature (298K). At 298K, the heat of the irreversible reaction at constant
pressure is -68,317 cal/mole. Under reversible conditions the heat of the reaction is -
11.627 cal/mole.

(a) calculate the entropy change for the system (i.e., Hag), Oy and H2Og)).

(b) calculate the entropy change for the surroundings (which may be thought of as a heat
reservoir at temperature 298K, and show that the entropy change for the system plus
surroundings for the irreversible reaction is greater than zero. @
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A common brass consists of 60 atomic percent (a/o) copper alloyed with 40 a/o zinc. The
diffusion coefficient of zinc in copper is measured as a function of temperature and the
values are listed in the table. Estimate the energy required to form vacancies in 60-40
Brass.

D (cm®/s T(eC)
10.533 x 107'° 700
1.0x 10" 600
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