1987 D

In 1884 the Swedish chemist Svante Arrhenius proposed that salts dissociate into two or more separate, independent, ionic fragments when they dissolve in water.

(a) Give one piece of experimental evidence that more than 1 mole of particles is formed when 1 mole of a salt dissolves in water.



(b) Give one piece of experimental evidence that the particles formed when a salt dissolves in water are charged.
(c) Explain why the heat of neutralization is always the same when 1 mole of any monoprotic strong acid reacts with enough strong base to form a neutral solution.
(d)
Explain why hydrogen chloride, HCl, dissociated when it dissolves in water but not when it dissolves in benzene.

1988 D

The normal boiling and freezing points of argon are 87.3 K and 84.0 K, respectively. The triple point is at 82.7 K and 0.68 atmosphere.

(a) Use the data above to draw a phase diagram for argon. Label the axes and label the regions in which the solid, liquid and gas phases are stable. On the phase diagram, show the position of the normal boiling point.
(b) Describe any changes that can be observed in a sample of solid argon when the temperature is increased from 40 K to 160 K at a constant pressure of 0.50 atmosphere.

(c) Describe any changes that can be observed in a sample of liquid argon when the pressure is reduced from 10 atmospheres to 1 atmosphere at a constant temperature of 100 K, which is well below the critical temperature.
(d)
Does the liquid phase of argon have a density greater than, equal to, or less than the density of the solid phase? Explain your answer, using information given in the introduction to this question.

1995 D

[image: image1.wmf]
The phase diagram for a pure substance is shown above. Use this diagram and your knowledge about changes of phase to answer the following questions.

(a) What does point V represent? What characteristics are specific to the system only at point V?
(b) What does each point on the curve between V and W represent?
(c) Describe the changes that the system undergoes as the temperature slowly increases from X to Y to Z at 1.0 atmosphere.
(d) In a solid-liquid mixture of this substance, will the solid float or sink? Explain.
1990 B
A mixture of H2(g), O2(g), and 2 millilitres of H2O(l) is present in a 0.500 litre rigid container at 25C. The number of moles of H2 and the number of moles of O2 are equal. The total pressure is 1,146 millimetres mercury. (The equilibrium vapor pressure of pure water at 25C is 24 millimetres mercury.)
The mixture is sparked, and H2 and O2 react until one reactant is completely consumed.

(a)
Identify the reactant remaining and calculate the number of moles of the reactant remaining.

(b)
Calculate the total pressure in the container at the conclusion of the reaction if the final temperature is 90C. (The equilibrium vapor pressure of water at 90C is 526 millimetres mercury.)

(c)
Calculate the number of moles of water present as vapor in the container at 90C.

Extra
A 2.000 gram sample containing graphite (carbon) and an inert substance was burned in oxygen and produced a mixture of carbon dioxide and carbon monoxide in the mole ratio 2.00:1.00. The volume of oxygen used was 747.0 milliliters at 1,092K and 12.00 atmospheres pressure. Calculate the percentage by weight of graphite in the original mixture.
1987 Answer:

(a) The freezing point depression (or any colligative effect) that occurs when a mole of a salt is dissolved is greater than when a mole of a non–dissociated substance is dissolved. (The greater the number of solute particles the greater the colligative effect.)

(b) The solution of a salt conducts electricity.

(c)
Every neutralization between a strong acid and a strong base involves the same reaction:


H+(aq) + OH–(aq)  H2O


since both the strong acid and the strong base are completely dissociated. Spectator ions have no appreciable effect.

(d)
Because of the polar nature of water, it is capable of solvating the ions that result from the dissociation, whereas the nonpolar benzene interacts very weakly with these ions.  OR


Because of the greater dielectric constant of water, it is better able to separate the ion

1988 D Answer:

(a)
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(b)
The argon sublimes.

(c)
The argon vaporizes.

(d)
The liquid phase is less dense than the solid phase. Since the freezing point of argon is higher than the triple point temperature, the solid–liquid equilibrium line slopes to the right with increasing pressure. Thus, if a sample of liquid argon is compressed (pressure increased) at constant temperature, the liquid becomes a solid. Because increasing pressure favors the denser phase, solid argon must be the denser phase.

1995 Answer:

(a) Triple point. All three states of the substance coexist (equilibrium); the solid and the liquid have identical vapor pressures.

(b) Curve VW represents the equilibrium between the liquid and its vapor. Along this line the liquid will be boiling. The points represent the vapor pressure of the liquid as a function of temperature.

(c) At point X the substance is a solid, as its temperature increases (at constant pressure), at point Y the solid is in equilibrium with its vapor and will sublime. From point Y to Z it exist only as a vapor.

(d)
Sink. A positive slope of the solid-liquid line indicates that the solid is denser than its liquid and, therefore, will sink.
Answer:

1990B Answer:

(a)
2 H2 + O2  2 H2O


mol H2 = mol O2 initially, but 2 mole H2 react for every 1 mol of O2, therefore, O2 is left.


PT = PH2 + PO2 + PH2O

1146 mm Hg = PH2 + PO2 + 24 mm Hg


PH2 + PO2 = 1122 mm Hg


1122 mm Hg / 4 = PO2 left (1/2 of initial PO2 which is 1/2 total)


PO2 = 280.5 mm Hg
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(b)
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PT = PO2 + PH2O = (342 + 526)mm Hg = 868 mm Hg

(c)
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Extra Answer:

C + 5/2 O2 ( 2 CO2 + CO

OR
2 C + 5 O2  4 CO2 + 2 CO
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