1. a) (2 points) Estimate the concentration of Mg”* in an aqueous solution of Mg(OH), if the

Ksp = 5.6x10%,
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b) (2 points) Suggest two reasons why an experimentally determined K, might larger than the true
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c) (2 points)Do you expect Ba(OH), to be more or less soluble than Mg(OH),. Explain briefly
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2.(4 points) When the Schrédinger equation is solved for a hydrogen atom, three quantum numbers are

obtained. What are their symbols and possible values? What particular property (size, shape,
orientation) does each quantum number indicate? What is the symbol and what are the allowed values

for the fourth quantum number?

Quantum number Possible Values Characteristic property

n
\,Q O, V, L L‘ﬂ“‘) {%_,\ﬂqpe

6oy eviyaHon

Yy &, B F = D 2

YV\JZ ...Q o ,_ﬂ‘ \ \:N\e-ﬂ?@

< pin

W\f‘; == I/L




4

3. a) (2 point) Indicate the smallest and largest species (atom or ion) in the following group: K, Rb, Sr,
Ag, I'. Explain your answer.
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b) (2points) Rank the first electron affinity of F, Cl, Br and | from least negative to most negative. Explain
briefly.
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| c‘ ¢ c¢) (2 points) Define first ionization er%rgy and explain why the first ionization energy of thallium (Z=81)

is greater than that of indium (Z = 49) ) : _ :
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4. The semiconducting properties of Si can be improved by doping. --.C-—“yFQ ew e

a) (2 points) If a silicon substrate where doped with B would you be forming an n-type or a p-type
semiconductor? Explain.

O IS ﬂrw-\v l‘f)' B s rowp 13 (lnqs ’ [ecs fl'cdfbn)
o P C\OP*‘”C\ as’yon cuie I‘m&va:dua\@
on s\osonce of —ve Chago .

b) (3 points) Explain, using band theory, how doping can by used to increase the conductivity of the
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5. a) (0.5 point) What is the electronic configuration for yttrium, Y(39)?
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b) (0.5 point) Is yttrium paramagnetic or diamagnetic?
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c) (1 point) Apply Slater’s rules and calculate the effective nuclear charge on a 5s electron on Ye
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d) (1 point) Apply Slater’s rules and calculate the effective nuclear charge on a 4d electron on y?
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e) (1 point) Apply Slater’s rules and calculate the effective nuclear charge on a 4p electron on Y?
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) (2 point) Briefly comment on any trend observed and how it might influence other atomic properties.
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6. (8 points) Construct a Born Haber cycle and determine the lattice energy of Cal,. You must draw the
cycle and clearly identify each step to receive full marks.
Some relevant (and some not so relevant) information:

A¢H Caly(s) =-533 ki/mol :
Enthalpy of sublimation of Ca(s) is Ag,,H =178 ki/mol
IE; and IE; of Ca are 596 and 1152 kJ/mol, respectively

AH Ca®* (aq) = -543 kJ/mol
AH I (aq) =-55 kJ/mol
AH 1, (g) =62 ki/mol

AH | (g) = 107 ki/mol /

Bond energy of |, is 149 kJ/mol
EA; and EA; of | are -301 and +420 kl/mol, respectively \;‘g
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8. Draw Lewis structures and based on VSEPR theory identify the electron pair geometry around the
central atom, the shape of the molecule and approximate bond angle, the polarity and the valence bond
hybridization required for the predicted shape. Use the space provided to draw molecule/ion to support
your answer. DRAW LEWIS STRUCTURE FOR MOLECULE HERE
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8. (8 points) N; and CN” are isoelectronic (same number of electrons) . Construct MO diagrams for both
N, and CN". Your diagram should show the relative energies of the atomic and molecular orbitals and the
molecular orbitals should be labeled as o 6*, mand n” etc. Show the electrons in appropriate orbitals.
Indicate clearly any assumptions you make in constructing this diagram. Highlight the differences in the
MO diagrams and explain how these diagrams give insight in such properties as bond energy, bond

length and polarity.

#h0> - ¥ MG R
Mogjéarm oo AD oF appropsicde erory (e sim lar)

A MR
gobi%\\g\f \/{D‘gp\} lDu}?!f I &’Q@y%@h Ak
Avwh\ootdig HO0s hlb\/\w N Q{WHZ%\]M\ AQs
NonPordud”  Zoume 94«@%{ as Z -
Foc bows Nz & C0- Tsz MOS louxf 1 emr?J\/
0zp M0 (Aue SO widhg of 2z -

> Mo e

(ma:(\ on va\end

era ity

N lower tn enerty Wen O becdiws. W

L NONS BN ; ' sel I
LOXNS Y vonding ocoidls (Tp ¢ 6%) aa clo ogoacter?

- In G- Y- ] P
' N-AOS | ndicaes hewe g0 |
é?ii.‘;‘é«# ruilh) vawsid A (ko Aipoted
= \\\,.77 S \,’\DV\-D@\O( .
? _ ok
6!?1-*? e ___.)'(f'i; /7
— T /]_ h
11’ /L/_:L- J-_ 1’ l (L/L L i__[{_, 61?
(S\ M f\vi{f‘/‘bﬁﬁ i e
{ LY o , A
| e gy v
. et - = A ¢,
5
5 W 1L e



9. (5 points) Sodium hexafluorantimonate (V), NaSbFe, density 4.37 g cm, crystallizes in the sodium
chloride lattice. Determine the value for the radius of the hexafluoroantimonate(V) ion. lonic radii you
may (or may not) be interested in include: Na* 116 pm; F 117 pm; Sb** 60 pm; Sb* 76 pm.
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10. (5 points) The melting point for sodium fluoride is higher than that for sodium chloride while that
for carbon tetrafluoride is less than that for carbon tetrachloride. Explain the reasons for the difference
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