Chemistry 232 Tutorial #5

1. A 0.500 L container is filled with argon at a pressure of 0.200 bar at 300 K. Calculate:
a) the number of argon-argon collisions per second in the container (use o= 0.36 nm?)
b) the number of argon atom collision with the container wall per cm” per second.

2. a) A 0.500 L container is filled with H atoms at a pressure of 0.200 bar and Cl atoms at a
pressure of 0.300 bar at 1000 K. Calculate the number of H-CI collisions per second in the
container. Use i = 0.10 nm and r¢; = 0.17 nm for the collision radii.

b) Use the answer from part a to place an upper limit on molar rate constant &>y for the reaction

kv
H(g) + Cl(g) - HCl(g) e (e

3. Give two reasons why you’d expect helium to have a larger diffusion coefficient than argon at a
given temperature and pressure. (No calculations required!)

4. Explain why effusion can be used to separate isotopes.

5. In a diffusion experiment, N, tracer molecules are initially located at position x = 0 in a tube of
cross-sectional area 4. After diffusion for time #, the concentration of molecules along the tube is

N 2
C(x, t) = 0 e—x f4Dt

2A4./nDt

a) Show that C(x,7) is a valid solution of Fick’s second law of diffusion: 8C/ot = D& C/dx*.

b) Verify that the C(x,f) solution of the diffusion equation is consistent with conservation of
mass and therefor a constant number of diffusing molecules along the diffusion column:

Ny =4 [C(x,)dx

¢) Using D =1.55x 10" m?s™, 4=0.500 cm? and N, = 1.00 x 10", calculate the
concentration gradient 8C/dx and the flux density J, = —-DaoC/dx at position x =0.15 m at
time £ = 1000 s.

6. Photons travel at the speed of light, about 300,000 km per second. But it takes about 800,000
years for photons generated by thermonuclear fusion in the core of the sun to reach the surface of
the sun (radius 696,000 km). Account for this apparent discrepancy in terms of photon diffusion.



10.

a) The effective radius of a sucrose molecule is 0.49 nm. Use the Stokes-Einstein equation
(D = kT/6mrn) to calculate the diffusion coefficient of sucrose in water at 60 °C (viscosity
0.000467 kgm™' 7).

b) Estimate the time required for the root-mean-square displacement of diffusing sucrose
molecules to reach 5.00 cm in water at 60 °C.

¢) Use the answer from b to explain why it is better to use stirring, not diffusion, to mix sugar
into a cup of tea or coffee.

a) The thermal conductivity of argon at 300 K and 1.00 bar is 0.0177 JK™' m™' s7\. Calculate the
collision cross section and collision diameter of argon. This question illustrates that transport
property measurements and kinetic theory can be used to estimate molecular sizes.

b) At a given temperature and pressure, the thermal conductivity of krypton is roughly one half
that of argon. Estimate the collision cross section and collision diameter of krypton.

Hydrogen gas is used as a high-performance coolant for the turbo-generators in electric power
plants. Why not use air? Why not use helium? Explain,

a) Calculate the heat flux in kW through a single-pane plate-glass window of thickness 10 mm
and area 16 m” if the inside temperature is 20 °C and the outside temperature is 0 °C. The thermal

conductivity of window glass is 0.96 TK ' m™ 57,

b) Recalculate the heat flux if the window in part a is replaced with a double-pane window
consisting of a 2 mm thick layer of air (thermal conductivity 0.025 J K™ m™ s™') sandwiched
between two 5 mm thick sheets of glass.

¢) Why are most windows double-pane, not single-pane?
2 mm

—| f—
{(not to scale)
o 10 mm 5 mm
20°Cpe=—= 0°C 20°C 0°c
single-pane window double-pane window
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