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Problem 2 e.

Ksp values for a given temperature and ionic strength

Ionic Strength | T=298K | T=277K
(M) '
O 10-3.3] 10-8.14
0.0004 10 10

Lake temperature variations from 4 to 25°C correspond to K, variations of #0.17 log
units, so neglecting the effect of lake temperature on K, could introduce errors that
exceed the “inherent” uncertainty of £0.05 log units. Similarly, it is important to
recognize the effect of ionic strength on K, as assuming I= 0 M would result in errors as
great as 0.08 log units.
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G (kJ)

-0.404
-0.405
-0.406
-0.407
-0.408
-0.409

-0.41
-0.411
-0.412
-0.413
-0.414

-0.415

AG {k3/mol}

3 G AG | [A-1(M) Q
0 0.00E+00

0.025| -4.14E-01{ -8.1 2.50E-05]| 6.4E-07
0.05| -4.14E-01] -4.6| 5.00E-05[ 2.6E-06
0.075| -4.14E-01| -2.6[ 7.50E-05| 6.1E-06
0.1| -4.14E-01] -1.1| 1.00E-04| 1.1E-05
0.125| -4.14E-01| 0.1 1.25E-04| 1.8E-05
0.15| -4.14E-01| 1.1| 1.50E-04| 2.6E-05
0.175| -4.14E-01| 1.9 1.75E-04| 3.7E-05
0.2| -4.14E-01| 2.7| 2.00E-04| 5.0E-05
0.225| -4,13E-01| 3.3 2.25E-04| 6.5E-05
0.25| -4.13E-01| 3.9| 2.50E-04| 8.3E-05
0.275| -4.13E-01( 4.5| 2.75E-04| 1.0E-04
0.3 -4.13E-01 5.0| 3.00E-04| 1.3E-04
0.325| -4.13E-01| 5.5| 3.25E-04| 1.6E-04
0.35| -4,13E-01| 5.9 3.50E-04| 1.9E-04
0.375 -4.12E-01| 6.4} 3.75E-04| 2.3E-04
0.4| -4.12E-01] 6.8] 4.00E-04| 2.7E-04
0.425| -4,12E-01| 7.2} 4.25E-04| 3.1E-04
0.45| -4.12E-01| 7.6| 4.50E-04| 3.7E-04
0.475| -4,11E-01 8.0 4.75E-04| 4.3E-04
0.5 -4.11E-01| 8.4| 5.00E-04| 5.0E-04
0.525| -4,11E-01| 8.7 5.25E-04| 5.8E-04
0.55| -4.11E-01| 9.1| 5.50E-04| 6.7E-04
0.575| -4.10£-01| 9.5| 5.75E-04| 7.8E-04
0.6| -4.10E-01| 9.8 6.00E-04| S.0E-04
0.625| -4.10E-01} 10.2| 6.25E-04} 1.0E-03
6.65! -4.09E-01]| 10.6| 6.50E-04{ 1.2E-03
0.675{ -4.09E-01| 10,9 6.75E-041 1.4E-03
0.7 -4.09E-01| 11.3} 7.00E-04| 1.6E-03
0.725| -4.08E-01| 11.7| 7.25E-04| 1,9E-03
0.75| -4.08E-01| 12.1| 7.50E-04) 2.3E-03
0.775( -4.08E-01( 12.5] 7.75E-04| 2.7E-03
0.8 -4.07E-01)| 13.0| 8.00E-04| 3.2E-03
0.825| -4,07E-01( 13.4| 8.25E-04| 3.9E-03
0.85| -4.06E-01| 14.0| 8.50E-04| 4.8E-03
0.875| -4.06E-01| 14.6| 8.75E-04| 6.1E-03
0.9| -4.06E-01| 15.3| 9.00E-04| 8.1E-03
0.925i -4.05E-01} 16.1| 9.25E-04{ 1.1E-02
0.95[ -4.05E-01 9.50E-04} 0.01805
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Problem #5. Solution by Prof. B. Voelker .

The first law says that the total energy of the universe is conserved, while the second law
says that all usable forms of energy (for example, energy stored in chemical reactions,
which have the capacity to do work) eventually become useless (for example, chemical
reactions proceed and generate heat instead of doing work).

The second law implies that if no energy were able to enter or leave earth, life would not
be possible. Chemical reactions should spontaneously proceed to their equilibrium state.
For example, organic carbon plus oxygen would become carbon dioxide and water, and
there would be no going back. So the energy entering earth in the form of sunlight makes
life possible. Some of this light is absorbed pretty efficiently by molecules in plants to
make an energetically unfavorable reaction proceed (photosynthesis: using carbon
dioxide and water to make oxygen and organic carbon). The fact that sunlight heats some
parts of the planet more than others also gives us other processes doing work on the
planet: global oceanic and atmospheric currents, for example. So all of the
biogeochemical cycles on the surface of the earth are driven by the energy from the sun.

The first and second laws together imply that all this energy entering the planet from the
sun should eventually be dissipated as heat. If no energy were leaving the planet, it
should keep getting hotter here. In fact, energy is leaving the planet at pretty much the
same rate at which it is entering it, not as heat, but as blackbody radiation, light that is
emitted according to a body’s temperature. (The energy can’t leave the earth very easily
as heat, because heat conduction from the earth to outer space means that earth is getting
molecules in outer space moving faster, and there are very few molecules in outer space).
By the way, the light is radiated from the earth’s atmosphere. The light radiated from the
surface of the earth is absorbed by the green house gases in the atmosphere. So even
though the amount of energy the planet receives from the sun determines what blackbody
temperature the earth has to have, the earth’s surface will be warmer if we increase the
amount of greenhouse gases (global warming).

Everything else that is going on with energy on the planet, e.g. evaporation and
condensation of water in the hydrological cycle, photosynthesis and respiration, etc. is
part of a closed loop: energy is shuffied from place to place, and turned from more useful
to less useful forms, but it is not gained or lost. '

- The previous three paragraphs neglect that there is also a significant amount of stored
energy on this planet: the heat at the earth’s core. This heat drives geological processes,
and makes biogeochemical cycles possible on geological time scales of many millions of
years. Once this energy is lost to outer space, life on earth will also no longer be possible
(unless humans can build sunlight-powered machines to replace geological processes).



