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= ~ Please write the balanced equation, total ionic equation and net ionic
equations for the precipitation of magnesium phosphate from the
addition of a magnesium nitrate solution to a sodium phosphate
solution.

= ~ The spring constant between the oxygen atoms in *°O, is around 1180
N/m. Calculate the angular frequency and the vibrational frequency of
O, molecule.

_ _ / k
(W oscillator — 2-I-rvoscillat'or W oscillator — T

~ ~When photons interact with molecules, two types of scattering can occur,
please define these scatterings in detail and describe where you can
observe them in nature.

1~ Why does a solution containing a greater amount of Yellow Dye No. 5
appear darker yellow than a solution that contains a smaller amount of
the dye?

- ~ Why are the calculations of frequencies of genotypes or DNA profiles
based on the Hardy-Weinberg principle likely to be underestimated?
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= ~ The spring constant between the atoms in HBr is around 412 N/m.
Determine the energy difference between the n = 0 and n = 1 states for
this molecule in joules. What photon wavelength, in units of microns,
and wave number, would be associated with absorption from n = 0 to
n = 1? Where in the electromagnetic spectrum is this absorption?

k
k mim,
W oscitlator — | =
U \ my, +m,
_ woscillator
voscillator - 27_[

= ~ Snells law : n;sinf; = n, sin 6,

A broadband light source is composed of wavelengths from 400 nm to
800 nm. The beam is incident on a block of BK7 glass at an angle of 30.0
degrees from the normal. What happens to the beam as it refracts through
the glass? Answer this quantitatively by describing the refraction of the
400 nm and 800 nm extremes in wavelength.

A ~ Write a Lewis structure and identify the octet-rule exception for
(a) XeFy;

(b) H3PO, (draw two resonance structures and select the more important;
all O atoms are bonded to P and three O atoms have H bonded to
them);

(c) BFCI,
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1~ At 1000°C, cyclobutane (C4Hs) decomposes in a first-order reaction, with
the very high rate constant of 87 s%, to two molecules of ethylene (C2Ha).

(@) The initial C4Hs concentration is 2.00 M. What is the concentration
after 0.010 s?

(b) How long will it take for 70.0% of the C4Hs to decompose?

-~ Which type of polymer is formed from each of the following monomers:
(a) amino acids; (b) alkenes; (c) simple sugars; (d) mononucleotides?
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- ~ Suppose a motor drives a block on a spring at a frequency «, and the
natural frequency of the spring-block system is wo. If damping is
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negligible, by what factor does the amplitude of oscillation change
when the driving frequency is increased from @ =2®o 10 @ =3 wo?

= ~ A person standing in the middle of a long straight road sees a truck with
its headlights on approaching in the distance. The truck’s headlights are
3 m apart. Assuming the headlights are point sources emitting yellow
light of wave-length 600 nm and the diameter of the human pupil is 5
mm, approximately how far is the truck from the person when he can
first resolve the two headlights as separate sources?

~ ~ Automobile airbags inflate when sodium azide (NaNs) contained in the
bags explodes during a collision. Calculate the volume of gas produced
at STP conditions if 32.5 g of sodium azide are used to inflate a
side-impact airbag according to the following equation:

2NaNs3(s) — 2Na(s) + 3N2(9g)
Molar mass of NaN3 = 65.01 g/mol

1~ The tampered bottle of Coke was analyzed for the presence of sulfate ion
by adding barium nitrate to trigger the precipitation of barium sulfate.
Determine the limiting reagent and the theoretical yield of barium
sulfate given that a solution containing 1.60 g of sodium sulfate is
mixed with a solution containing 2.40 g of barium nitrate.

Na,SO4(aq) +Ba(NOs)2(ag) — BaSOu4(s) + 2NaNOs(aq)

Molar mass of Na.SO. = 142.05 g/mol
Molar mass of Ba(NOs). = 261.34 g/mol

-+ ~ Xeroderma pigmentosum (XP) is a rare genetic disorder characterized by
an extreme sensitivity to ultraviolet (UV) radiation. Individuals with XP
have a reduced ability to repair DNA damage caused by UV light, which
leads to an increased risk of skin cancer and various other skin
abnormalities. What molecular lesion is most likely to accrue in
individuals with XP?
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- ~ The following reaction will form phosgene from carbon monoxide and

chlorine:
CO(g) + Clzg) — COCly

Consider the following thermodynamic data:

Compound AH:(k)J/mol)  AG(kd/mol)  S°(J/mol - K)

CO -110 -137 198
Cly) 0 0 223
COClyg -223 -210 290

What is the entropy change for the formation of 1 mole of phosgene?
What can we learn from the Gibbs free energy of phosgene?

~ Cytochromes are a biologically important group of iron-containing
molecules. They are important in redox processes. Part of the electron
transfer process in the human body involves a transfer of an electron
from cytochrome to cytochrome to cytochrome. The following are the
standard reduction potentials for several cytochromes:

EO
Cytochrome b-Fe®* + = & Cytochrome b-Fe? +0.08V
Cytochrome c-Fe3* + e < Cytochrome c-Fe?* +0.22V
Cytochrome a-Fe** + e < Cytochrome a-Fe? +0.29V
Cytochrome as-Fe®* + e < Cytochrome az-Fe? +0.38V

Assuming that every electron transfer occurs spontaneously, could you
determine the order of electron transfer for the cytochromes listed in the

table?
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= ~ Two harmonic waves are traveling in the same medium and are described
by the following equations:

y, = 12sin(3nx — 0.57t)

y, = 12sin(3mx — 0.5t — 4)

where x and y are in meters and t is in seconds. What is the displacement
of the resultant wave at x = 1.0 mand t = 1.0 s?

2 ~ A man strikes a long steel rod at one end. Another man, at the other end
with his ear close to the rod, hears the sound of the blow twice (once
through air and once through the rod), with a 0.1 seconds interval between
them. How can you determine the length of the rod? [For the steel, the
bulk modulus = 2.1x10* Pa, and the density = 7.0x10° kg/m?®. Speed of
sound in air = 340 m/s.]

f=4

~ The unknown substance is being tested using four different test solutions
(A, B, C, and D), each with a concentration of 1 M. The test solutions are
identified as follows: A = NaCl, B = NaNOs, C = Nal, and D = NayS.
Upon mixing each of these test solutions with the unknown substance,
the following observations were made: A resulted in a white precipitate,
B showed no reaction, C resulted in a yellow precipitate, and D resulted
in a black precipitate. Based on these observations, the unknown
substance could potentially be identified.
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