
Chem 6 sample final exam
 (200 points total)

@ This is a closed book exam to which the Honor
Principle applies.

@ The last 3 pages contain equations, physical
constants, and the periodic table. You can detach
them for easy reference.

@ Please write clearly and SHOW YOUR WORK.  If
you need to write on the back of the exam paper,
please indicate this clearly.

@ Some questions are more challenging than others.
Allot your time accordingly, and try to answer
EVERY question.

@ Time is limited, so keep your answers brief and to
the point.

@ Please put your name both on this page and on p.
2.

NAME (please print)  ___________________________________________
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1.  (20 pts) An unknown compound, which contains Mn and NCS–, could be

either (1) tetrahedral [Mn(NCS)4]2– or (2) octahedral [Mn(NCS)6]4–.  Would

measuring the magnetic susceptibility of this sample be useful in identifying it?

Why or why not?
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2. (20 pts) (a, 8 pts) Match the complex with its color:

[Cu(NH3)4]+  colorless

[Cu(NH3)4]2+       blue

Briefly explain your answer.

(b, 12 pts) For each of the complexes (1) FeBr63– and (2) [FeCl4]2– (this is

tetrahedral)

(i) give the number of unpaired electrons and state whether the complex is

paramagnetic or diamagnetic

(ii) give the crystal field stabilization energy
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3.  (20 pts) Use a Born-Haber cycle for the formation of MgO to find the electron

affinity of O–.  Many physical constants useful for this problem are given on

page 14.  [Note--you should not simply manipulate these numbers.  You must

also explicitly write down the Born-Haber cycle you use.]
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4.  (20 pts)  An electron in an organic molecule which contains C=C double

bonds behaves like a particle in a one-dimensional box whose length is

proportional to the number of carbon atoms, N.  The ground state of the electron

has quantum number n = N/2.

(a, 12 pts) Find the wavelength of the light absorbed in a transition from
the ground state to the first excited state in ethylene (C2H4).  Assume that the

length of the box is 1.32 Å.

(b, 8 pts) As the number (N) of carbon atoms in the molecule (and therefore the

length of the box) increases, will the wavelength of the transition described above

increase or decrease?  Briefly explain your answer.
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5.  (20 pts) At 25 °C, the rate of a given reaction is increased by a factor of 100 in

the presence of a catalyst, and the activation energy for this catalyzed reaction

is 10 kJ/mol.

Without the catalyst, at which temperature do you need to do the reaction to

make it go as fast as the catalyzed reaction described above?
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6.  (20 pts)  Consider the diatomic molecules NO, C2, and N2.  State which

one(s) would be stabilized by removing an electron, and which one(s) would be

stabilized by adding an electron.  Briefly explain your answer using MO theory.



8

7.  (20 points)  Light with wavelength 5 nm hits a ground-state Li2+ ion, ejecting

an electron.  Find the velocity of the ejected electron.
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8.  (20 pts, 4 each) For each of the following, give the idealized molecular

geometry , any deviat ions  from the ideal angles expected, and the

hybridization of the central atom.

(a) CH2

(b) NCN2– [atom connectivity is N-C-N]

(c) XeO3

(d) SCl3+

(e) PF6–
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9.  (20 pts) True or False? Briefly explain your answers.

(a, 7 pts) The boiling points of the noble gases follow the order He<Ne<Ar.

(b, 6 pts) AsH3 has a higher boiling point than NH3.

(c, 7 pts) The melting point of MgO is higher than that of NaF.



11

10.  (20 pts, 4 each) Multiple choice.  Circle your answers.

(a) Pick the true statement(s) about activation energy.

(i) Some elementary reactions have a negative activation energy.

(ii) The activation energy is the difference in energy between the reactants and

the products.

(iii) A catalyst increases reaction rate by decreasing the activation energy.

(iv) The rate of a reaction depends linearly on the activation energy.

(b) Pick the true statement(s) about atomic radii.

(i) The difference between the atomic radii of V and Nb is larger than the

difference between the atomic radii of Nb and Ta.

(ii) The atomic radius of F is greater than that of C.

(iii) The atomic radius of Li is greater than that of K.

(iv) The atomic radius of Ti is greater than that of Zr.

(c) Pick the true statement(s) about quantization.

(i) In the Bohr model of the atom, angular momentum, distance of the electron

from the nucleus, and energy are quantized.

(ii) The experimental relationship between intensity and wavelength of blackbody

radiation can be satisfactorily explained without postulating quantization of the

energy.

(iii) The energy of an electron in the hydrogen atom does not depend on the
quantum numbers l and ml.

(iv) The energy of an electron in a multi-electron atom does not depend on the
quantum numbers l and ml.

(d) Pick the pair(s) of molecules which have the same idealized geometries.
(i) XeF2 and BeH2 (ii) CO32– and SO3

(iii) CCl4 and XeF4 (iv) PF5 and ClF5

(e) The first-order decomposition of N2O5 has rate constant k = 1.72x10–5 s–1.

77.4% of the N2O5 will have decomposed after:

(i) 1 second (ii) 1 minute (iii) 1 hour (iv) 1 day
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dc

dt
= –kc USEFUL INFO c = c0e

−kt

dc

dt
= –2kc2 1

c
= 1

c0

+ 2kt

t1/ 2 = 0.6931
k

T(°C) + 273 = T(K) t1/ 2 = 1
2kc0

k = Ae
−Ea

RT ln k = ln A − Ea

RT

dP

dt
= k2[ES] = k2[E]0[S]

[S] + KM

N0 = 6.022x1023 mole−1

R = 8.31451J ⋅ mole−1K −1 = 0.0821L ⋅ atm ⋅ mole−1K −1

K.E. = mv2/2 = p2/2m Total Energy  =  K.E.  +  P.E.

λ = h/p p = mv mvr = nh/2π rn = (n2/Z)ao

En = –2.18x10–18 J(Z2/n2) ∆E = –2.18x10–18 JZ2 (1/nf2 – 1/ni2)

ν = 3.29x1015s–1 Z2(1/nf2 – 1/ni2) E = hν c = νλ

c = 3 x 108 m s–1 (1/2)mv2 = hν – φ

e = 1.60 x 10–19 Coulombs h = 6.626 x 10–34 J s

1Å = 10–10 m  1 nm = 10–9 m ao = 0.530Å h = h/2π

En = n2h2/8mL2 Ψn = Asin(nπx/L)

∆E = (2n+1)(h2/8mL2)1 J = 1 kg m2 s–2

m(electron) = 9.11 x 10–31 kg ∆x∆p ≥ {h/4π}



13

ENERGY ORDERING -- DIATOMIC MO SCHEME
for Li-N:σ1s < σ∗ 1s < σ2s < σ∗ 2s  < π2px , π2py  <  σ2pz  <  π∗2px , π∗ 2py <  σ∗ 2pz

for O-Ne:σ1s < σ∗ 1s < σ2s < σ∗ 2s  <  σ2pz  < π2px , π2py  <  π∗ 2px , π∗ 2py <  σ∗ 2pz

Electronegativity Info
atom        Electronegativity   
B 2.04
C 2.55
N 3.04
O 3.44
F 3.98
Cl 3.16
As 2.18
P 2.19

Madelung Constants (M):

1.75 for NaCl, NaF, MgO    2.52 for CaF2 1.76 for CsCl 1.64 for ZnS

lattice energy is proportional to (MZ+Z–)/d

lattice energy of MgO = –3963 kJ/mol
1st ionization energy for Mg = 737.7 kJ/mol
2nd ionization energy for Mg = 1451 kJ/mol
electron affinity of O = –141.1 kJ/mol
∆Hfo (MgO) = –601.7 kJ/mol
∆Hosublimation(Mg) = 147.7 kJ/mol
D(O-O) in O2 = 498.3 kJ/mol

spectrochemical series:

Br– < NCS– < Cl– < F– < OH– < H2O < NH3 < NO2– < CN– < CO
weak-field strong-field
(high-spin) (low-spin)

µ = [n(n+2)]1/2µB
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