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Part I: General.Knowledge
1. Provide the chemical name or the corresponding chemical formula of the following
atoms and molecules: (12 pts).
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2. History of Chemistry (g)ts)

“The S| unit for pressure is the fasca Z (name). Here, acronym SI stands for the

_French words ch feine Infeh kalr'onal.

For example, the earth's atmosphere at sea level exerts a pressure of 101.3 kPa which is also
~equal to 760 foFr _, a unit of pressure named after an Italian scientist, Evangelista
Torricelli.

Avogadro's law states that equal volumes of gases contain equal number of moles of gases.
For example 1 mole of ideal gas at STP occupies 22.4 L. Here, the acronym STP stands for
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Dalton's law of E}ﬂ‘i"f" { pressures is illustrated in the generation of oxygen by heating
solid potassium chlorate with a little MnO, and bubbling the liberated oxygen gas over water.
Here MnO, acts as a catalyst. Write down the balanced chemical equation for the
decomposition of potassium chlorate.
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Part Il: Problems. Support your answers with calculations/arguments. Encircle final
answers and check for significant figures. Useful Hints are provided in last page.

1. Calculate the molar solubility of BaSO, (a) in water, (b) in a solution containing 1.2 M SO ,*?
ions. Hints: K, (BaSO, ) =1.1x 107" M? (10 pts)
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2. What is the potential of a cell made up of Zn/Zn * and Cu/Cu ** half-cells at 25 degC if
[Zn?]=024 M and [Cu?]=0.14 M ? (10 pts)

Standard reduction potentials: Zn ** + 2e -—->2Zn , -0.76 V; Cu®+ 2e-->Cu , +0.34V
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3. Radioactive plutonium-239 (t,,, = 2.44 x 10° yr) is used in nuclear reactors and atomic
bombs. If there are 5.0 x 10? g of the isotope in a small atomic bomb, how long will it take for
the substance to decay to 1.0 x 102 g, too small an amount for an effective bomb? Assume
first order kinetics (10pts)

—kt

1£ 0rden Fostics © e g JAT = 7A1, €

M_r}i% k: _’é,ﬂz - D73 B
= 2.yy Y/DL‘(/V'

k.

2 Q(@_g}_) s el
71

™ z
O»Q {: . - qu Zﬂo = Z#’;fxm‘kzrgu (5’70)(/&'4/
v TA] 0473 1o X1




(Aaran #1074 ‘WJ %

4. The chlorine nitrate molecule (CIONQ,) is believed to be involved in the destruction of
ozone in the Antartic stratosphere. Draw a plausible Lewis structure for this molecule.
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5. Write the ground state electron configuration of Gold [Ab( ) . Use the arrow /AM ﬂ A

notation and illustrate all the electrons. (10pts)
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6. For many years the recovery of gold, that is, the separation of gold from other materials

involved the use of potassium cyanide,
£— L”@QZLL (,J /

4 Au+BKCN + O, + 2H,0 --> 4 KAU(CN), + 4 KOH Py

what is the minimum amount of KCN in moles needed to extract 2 %5 g of gold ? (10pts)
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7. Dimensional Analysis (15pts): Some birds (Parus major also known as Great tits) and
humans share a common dopamine receptor D4 gene associated with exploration behaviour.
Dopamine (C4H,,0,N) is a brain chemical. Scientists have speculated that in the near-future
it may be possible to play poker with Great tits. Assume a game of poker with one of these
birds with the number of oxygen atoms as poker chips. At the end of the match the bird has
4.5 g of dopamine whereas you have 8.0 g of ethanol (C ,H;0). Who has more oxygen
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Helpful Hints: 1 Famdag(F) = 76500 Cou len fined &~
Avogadro's number 6.022x10% Specific Heat (Au)= 0.129 J/g-‘C

Planck's constant 6.62x103* J s Specific Heat (Fe)= 0.444 J/g-C

Speed of light 3.00x10® m/s Rydberg’s Constant=2.18 x 10® J

atomic mass unit 1.66x10%* g R=0.082 L atm / (mol K) = 8.314 J/(mol K)

1inch =254 cm 1 pound = 2.2 kg 1 tonne = 1000 kg

Atomic weights (amu):

H 1.008 He 4.00 C12.01 N 14.01 0 16.00 Ne 20.18

Na 23.00 Mg 24.30 Al 26.98 Si 28.08 P 30.97 Ar 39.95

Ni 58.69 Cu 63.55 Mn 54.94 Br 79.90 K 39.10 C135.45




