
Page 1

1.  Multiple choice, select 1 answer only.  2 points each.  (there is no penalty for a wrong guess)
SOLUTIONS ON PAGE 4

(i) Temperature is,

(a) the total amount of thermal energy in a system

(b) the total amount of thermal energy in the surroundings

(c) the average kinetic energy

(d) the amount of energy required to heat an object up by 1°

(e) all of the above

(ii) Change in enthalpy is,

(a) the energy flow (as heat) of a system under any conditions

(b) the energy flow (as heat) of a system at constant pressure

(c) the energy flow (as PV work)

(d) the average kinetic energy of the system

(e) none of the above

(iii) What is its chemical formula of silver(III) carbonate?

(a) AgCO3

(b) Ag(CO3)3

(c) Ag2CO3

(d) Ag3CO3

(e) Ag2(CO3)3

(iv) What is the correct IUPAC name of Hg2S?

(a) mercury(II) sulfide

(b) mercury (I) sulfide

(c) mercury sulfide

(d) mercury sulfate

(e) dimercury monosulfide
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(v) 12.0 moles of a gas (SO2) under non-ideal conditions was measured to have a pressure
of 1.00 x 102 atm in a 3.00 L container.  What is the temperature?  The van der Waals
constants for SO2 are a = 6.865 L2atm/mol2 and b = 0.05679 L/mol.

a) 296 K

b) 304 K

c) 494 K

d) 578 K

e) 767 K

(vi) The vapour pressure of a solvent is the amount of gaseous molecules over an open
vessel of the solvent.  A 50/50 mixture of benzene and toluene has 46.7 Torr of benzene
and 13.5 Torr of toluene at STP.  What is the pressure of air over this mixture?

a) 820.2 Torr

b) 739.2 Torr

c) 760.0 Torr

d) 726.8 Torr

e) 699.8 Torr

(vii) Which of the following is the best conductor of electricity by ionic conduction through a
solution (i.e. what gives the most ions)?  Assume all solutions have the same molarity.

(a) a strong electrolyte

(b) a weak electrolye

(c) a strong acid

(d) a weak acid

(e) both (a) and (c)

(viii) Which one of the following is NOT true of an ideal gas?

(a) gas molecules are point masses (have 0 volume)

(b) gas molecules are non-interacting with each other

(c) gas molecules are in constant motion, with a distribution of speeds

(d) each individual gas molecule has a kinetic energy given by K.E. = ½mv2

(e) gas molecules are assumed to never hit the walls of their container
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(ix) A coffee cup calorimeter has 100.00 g of water in it.  Assuming an adiabatic system
(there is no heat loss to the surroundings), what is the heat capacity (Cp)of the
calorimeter? (hint: see table 6.1)

(a) 4.18 J °C-1

(b) 23.9 J °C-1

(c) 100. J °C-1

(d) 104.18 J °C-1

(e) 418 J °C-1

2.  Answer the following questions. (5 points each, 10 points total)

(a)  Explain the postulates of the Kinetic Molecular Theory (you'll need three of the four for full
marks).  Explain how these postulates lead logically to the idea of absolute zero
temperature.

(b) HCN is made by an industrial process as follows:

2 NH3 (g) + 3 O2 (g) + 2 CH4 (g) 6 2 HCN (g) + 6 H2O (g)

The three gasses are sealed in a 200. L vessel and heated to 500. K.  The partial pressure
of the three gasses at 500. K are 10.0, 15.0, and 12.0 atm for NH3, O2, and CH4,
respectively.  Calculate the maximum mass of HCN that can be produced under these
conditions.

NOTE: THE ACTUAL MIDTERM HAS 12 MULTIPLE CHOICE QUESTIONS (i.e. this list of
sample questions is a little shorter than the midterm will be)
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Multiple choice solutions: (c), (b), (e), (b), (c), (e), (e), (e), (e)

Question 2(a) The four postulates are (these are not the same order as in your text!):
(i) gasses have point masses (0 volume)
(ii) gasses are non-interacting (do not have attractive or repulsive forces)
(iii) collision with the walls of the container gives rise to pressure
(iv) average kinetic energy represents the (Kelvin) temperature of the gas

Depending on your postulates, you will have at least 1 that relate to 0K (points (ii) and (iii)
do not).  Thus you will need one of these for a complete answer:

(i) Because the molecules have 0 volume, there must be a point where the entire gas
volume itself goes to 0 volume, this would be at abslute 0 (it's non-sensical to think
of a negative volume!)
(iv) at some point the average energy will be at a minimum (it is non-sensical to
think of negative internal energy, similar to negative volume), therefore the average
at that point is the lowest limit of KE, therefore it would be called 0K.

Question 2(b) Avagadro's Law for an ideal gas states that P " n.  Thus, moles of the gasses can be
substituted by pressure of the gas.
PHCN produced from NH3 is 2:2 molar ratio, therefore 10 atm HCN produced
Similarly, 12 atm HCN from 12 atm CH4
And 15 atm * (2 mol HCN/3 mol O2) = 10 atm HCN produced.
Thus, NH3 and O2 are both the limiting reagent (and CH4  is in excess), and 10 atm of HCN
is produced.

In a 200. L container, nHCN = PV/RT = (10.0)(200.)/(0.08206)(500.) = 48.7 mol HCN
mass = 48.7 mol * (27.03 g/mol) = 1320 g (or 1.32 kg)
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Formula Sheet:
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thermochemistry

q = s m ∆T

q = Cp ∆T

∆H = qp = ∆E + P∆V

general

E = hν (= hf)

c = λν (= λf)

E muk =
1
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constants:

R = 0.08206 L atm/(mol K) = 8.315 kPa dm3/(mol K) = 8.315 J/(mol K) = 62.36 Torr L/(mol K)

1.000 atm = 760. Torr = 101.3 kPa kilo = 103

NA = 6.022 x 1023 mol-1 centi = 10-2

c = 2.998 x 108 m/s milli = 10-3

h = 6.626 x 10-34 J s nano = 10-9

STP = 1.0000 atm pressure and 273.15 K pico = 10-12

specific heat of water (s) = 4.18 J °C-1 g-1

derived units:

N = kg m s-2 mL = cm3

J = kg m2 s-2 Pa = N m-1
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