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Answer all questions.

1. The following parts to this question are designed to test you on a variety of physico-chemical
concepts or as steps towards answering a larger question.

a) An average person takes 18 breaths of air per minute into his lungs. A normal pair of
lungs expands to a volume of 0.5 L. How many Litres of air does the person inhale (and
therefore also exhale) per hour ?

b) The exhaled air is almost saturated with water vapour at body temperature. The vapour
pressure of water at 37 °C is 0.062 atm. What is the mass of water exhaled per day?
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¢) If the person is*“ﬁf”éatnlﬁg”iﬁlr at 20C, where the equilibrium vapour pressure should be
0.023 atm, but the relative humidity is only 50%, how much water is inhaled, and
therefore how much is lost per day via normal respiration?
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d) Given that the standard molar enthalpies of formation of gaseous HyO (18 g mol") , COy,
and of aqueous sucrose, C12H2»0;, (342 ¢ mol'l)? are -241.83 kJ m01'1,~393.51 kJ mol'i,

and -2215.85 kJ mol™ respectively, calculate the molar enthalpy of combustion of
sucrose:

CipH»pO011+ 120, — 12CO,; + 11 H,O

Express the result also in units of kJ per g of water produced.
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e) Aside from respiration, other processes (perspiration and waste) also contribute to the
total water loss. This is usually made up by drinking. In one particular case, a person did
not drink enough, and so he lost 100 g of water per day. This must be made up by the
internal combustion of his food (here considered to be aqueous sucrose). How much
sucrose must he consume for this purpose? The caloric content of one apple is 72
“Calories”. How many apples must he consume to make up for the water deficit?
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f) Not all of the energy calculated in part d) can be used to perform useful work. Why not?
What is the ideal efficiency of the human body for the conversion of heat to work when
the room temperature is 20 °C ? What assumption is implied in this calculation?
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g) Use the two vapour pressures cited in parts b) and ¢) in order to determine the enthalpy of
vaporization of water. What assumptions are implied in the calculation?
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h) While the person 1s breathing in air, he is breathing in oxygen. The blood of a healthy
person is analyzed and it is found that 1 L of blood has the capacity to dissolve 0.2 L of
O, (measured at 298 K and 1 atm). What is oxygen’s molar concentration in the blood,
and what is its mole fraction? Assume that blood is essentially water for these purposes.
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1) Henry’s law’s constant for the volatility of oxygen in water is 42700 in atmosphere units.
Use the answer in part h) to determine what the actual equilibrium partial pressure of
oxygen could be for blood plasma (if blood were to be exposed to the atmosphere)?
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j) Oxygen is obviously not the only solute found in blood. The total concentration of all
solutes is approximately 1 M. Use this value to
e calculate the mole fraction of water in blood and,
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o along with the data in part b) to calculate the partial pressure of water at 37 °C
according to Raoult’s law. By what amount does it differ from that of pure water?
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e By how much does the chemical potential of water differ from that of pure water?
Note that the activity coefficient for water (which we determined in the lecture
notes) is 0.874 under these conditions.
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e Estimate the value of the freezing point depression of blood.
- ée m, mp | H

o ESZE; Al ( el 0 Ty s)
W e |



g+ ,
nenaec N 24

Co- 2R+ 3R -0k =(7R)

2. One Litre of NHj3 (a pyramidal shaped molecule) is expanded to 2 L. The initial pressure is 1
atm, and the initial temperature is 25 °C. Calculate the final pressure and temperature, as well
as g, w, AU, and AS for EITHER isothermal OR adiabatic expansion. Your choice. But for

isothermal choice also calculate AG.
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3. One of the major reactions accompanying oxidative phosphorylation that results in ATP
formation in mitochondria is the oxidation of NADH. It is a redox reaction whose parts
are as follows. The data are for 25 °C and correspond to the chemical standard state:

YH +2¢ + %0, — H0 AG® = —237.16 k) mol~* (1)
NAD' +H' +2¢ — NADH AGO = 4+20.26 kj mol™* (=)

a) Write down the overall reaction for the oxidation of NADH. Calculate the standard
molar free energy change for the overall reaction at 25 °C. Will the reaction occur
spontaneously? Explain.
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b) Calculate the corresponding equilibrium constant?
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c) Calculate the standard biochemical molar f}ee energy change.
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d) In mitochondria the actual concentrations are: [NADH] = 1 mM, [NAD'] =2 mM,
Do, = 0.1 atm. If the pH is 8 will the reaction occur spontaneously under these
conditions?
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