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Tutorial #6

Suppose you are asked to measure the viscosity of a motor oil. You drop a steel ball (diameter
0.800 mm) into a vertical glass tube filled with the oil and observe the ball to sink 10.0 cm in 76
5. The densities of the oil and steel are 0.82 and 7.82 g cm™, respectively. Calculate the viscosity
of the oil. Why is the viscosity of motor oil of considerable practical importance?

The importance of thermal conductivity is gruesomely illustrated by schpbl children who lick
metal objects during class recess on sub-zero winter days and find their tongues stuck firmly to
the metal. Wood, brick, plastic, and other materials are less dangerous in this respect. Why?

A current of 0.75 amps flows through a metal wire of cross-sectional area 0.020 cm?. Calculate
the charge flux density. How many electrons flow through a cross section of the wire in 1.0 5?

An aqueous solution is analyzed for dissolved sodium chloride by measuring its conductivity.
The electrical resistance of a conductivity cell {cell constant 1.03 cm™) filled with the solution is
39,700 ohms. Use 0.0050 and 0.0076 S m? mol ™ for the molar conductivities of Na* and CI” jons

to calculate the concentration of sodium chloride.

The conductivity reported for ultrapure water at 25 °C is 5.47 x 107 S em™. Use 0.0350 and
0.0199 S m> mol™ for the molar conductivities of H' and OH™ ions to calculate the equilibrium

constant Ky = [H][OH] for the dissociation of water: H,0()) = H'(aq) + OH (aq).

a) The molar conductivities of aqueous Li* and Na* jons at 25 °C are 0.00501 and 0.00398 § m?
mol !, respectively. Use
Avopdm’t-m o 1

(z,F)? 6zn r

to estimate the diameters of the ions. The viscosity of water at 25 °C is 0.000891 Pa s.

b) The Li" ion (1s%) is generally considered to be significantly smaller than the Na'ion
(1525%2p°%). Conductivity data indicate the opposite behavior. Why?

a) The molar conductivity of aqueous C1O4” ions at 25 °C and infinite dilution is 67.2 § ¢cm? mol™,
Calculate the electric mobility (1) of aqueous ClO4~ ions at 25 °C and infinite dilution.

b) Calculate the drift speed of C1O4 ions in a 24 volt per centimeter electric field.
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a) The molar conductivities of aqueous hydrochloric acid, sodium acetate, and sodium chloride
at 25 °C and infinite dilution are: 0.042616, 0.009100 and 0.012645 S m? mol™". Calculate the

molar conductivity of completely dissociated acetic acid.

b) The molar conductivity measured for a 0.0001115 mol L™ aqueous acetic solution at 25 °C is
0.012775 S m® mol ™. Estimate the extent of dissociation and the equilibrium constant for the

reaction CH;COOH(aq) = CH;COO(aq) + H'(aq).

The progress of the reaction SO,Clx(g) = SOi(g) + Cla(g) is monitored by following the total
pressure p at fixed volume and fixed temperature. The following data are obtained:

0 3 6 9. 12 15

time / hr
14.79 17.26 18.90 19.99 20.71

p/kPa 11.07
a) Is the reaction first- or second-order with respect to SO.Cl,?

b) Calculate the rate constant for the reaction.

Cobalt-60 is a convenient source of gamma rays for radiation chemistry research.
600027 - 60Ni23 +e +y

The half-life of cobalt-60 is 1900 days. Suppose you have a sample containing one micromole of
cobalt-60. How long will you have to wait for the last gamma ray to be emitted?

The second-order reaction A + B — products with rate law R = k,[A}[B] is 60 % complete in
one minute when the initial concentrations of A and B are [A]y = 0.100 M and {B]s = 0.500 M.

a) Calculate the rate constant k.

b) How long will it take for the reaction to reach 60 % completion of the initial concentrations
are [A]o = 0.050 M and [B]o = 0.250 M?

Bacteriorhodopsin (B) is a protein found in certain bacteria that converts visible light into
intermediates J and K used for ATP synthesis with the sequential first-order reactions

ky kx
B - J -5 K

a) Calculate the time at which the concentration of intermediate J reaches the maximum value.
Data: [J]o=0,[KJo=0,k=2.0x10"%s", kx=3.3x 10" 57!,

b) Draw plots of [B], [J] and [K] as functions of time.
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