Diffusion is extremely important for living organisms. For example, molecules
produced in certain chemical reactions within cells diffuse to other areas where
they take part in other reactions.

Gas diffusion is important too. Plants require carbon dioxide for photosyn-
thesis. The CO, diffuses into leaves from the outside air through tiny openings
(stomata). As CO, is utilized by the cells, its concentration drops below that in
the air outside, and more diffuses inward. Water vapor and oxygen produced by
the cells diffuse outward into the air.

Animals also exchange oxygen and CO, with the environment. Oxygen is
required for energy-producing reactions and must diffuse into cells. CO, is
produced as an end product of many metabolic reactions and must diffuse out of
cells. But diffusion is slow over longer distances, so only the smallest organisms in
the animal world could survive without having developed complex respiratory and
circulatory systems. In humans, oxygen is taken into the lungs, where it diffuses
short distances across lung tissue and into the blood. Then the blood circulates
it to cells throughout the body. The blood also carries CO, produced by the cells
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back to the lungs, where it diffuses outward.
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The atomic theory of matter postulates that all matter is made
up of tiny entities called atoms, which are typically 107" m in
diameter.

Atomic and molecular masses are specified on a scale
where the most common form of carbon (*>C) is arbitrarily
given the value 12.0000 u (atomic mass units), exactly.

The distinction between solids, liquids, and gases can be
attributed to the strength of the attractive forces between the
atoms or molecules and to their average speed.

Temperature is a measure of how hot or cold something
is. Thermometers are used to measure temperature on the
Celsius (°C), Fahrenheit (°F), and Kelvin (K) scales. Two stan-
dard points on each scale are the freezing point of water (0°C,
32°F, 273.15K) and the boiling point of water (100°C, 212°F,
373.15 K). A one-kelvin change in temperature equals a change
of one Celsius degree or % Fahrenheit degrees. Kelvins are
related to °C by

T(K) = T(°C) + 273.15.

When two objects at different temperatures are placed in
contact, they eventually reach the same temperature and are
then said to be in thermal equilibrium.

The change in length, AZ, of a solid, when its temperature
changes by an amount A7, is directly proportional to the
temperature change and to its original length £;. That is,

Al = ol AT, (13-1a)
where a is the coefficient of linear expansion.

The change in volume of most solids, liquids, and gases is
proportional to the temperature change and to the original
volume V:

AV = BV, AT. (13-2)
The coefficient of volume expansion, B, is approximately equal
to 3a for uniform solids.

Water is unusual because, unlike most materials whose
volume increases with temperature, its volume in the range from
0°C to 4°C actually decreases as the temperature increases.

The ideal gas law, or equation of state for an ideal gas,
relates the pressure P, volume V, and temperature 7 (in kelvins)
of n moles of gas by the equation

PV = nRT, 13-3)

where R = 8.314J/mol-K for all gases. Real gases obey the

ideal gas law quite accurately if they are not at too high a pres-
sure or near their liquefaction point.

One mole is that amount of a substance whose mass in
grams is numerically equal to the atomic or molecular mass of
that substance.

Avogadro’s number, Ny = 6.02 X 103, is the number of
atoms or molecules in 1 mol of any pure substance.

The ideal gas law can be written in terms of the number of
molecules N in the gas as

PV = NkT, (13-4)

where k = R/N, = 1.38 X 1072 J/K is Boltzmann’s constant.

According to the kinetic theory of gases, which is based on
the idea that a gas is made up of molecules that are moving
rapidly and randomly, the average translational kinetic energy
of molecules is proportional to the Kelvin temperature 7:

RE = im? = 3kT, (13-8)

where k is Boltzmann’s constant. At any moment, there exists
a wide distribution of molecular speeds within a gas.

The behavior of real gases at high pressure, and/or when
near their liquefaction point, deviates from the ideal gas law
due to the attractive forces between molecules. Below the
critical temperature, a gas can change to a liquid if sufficient
pressure is applied; but if the temperature is higher than the
critical temperature, no amount of pressure will cause a liquid
surface to form. The triple point of a substance is that unique
temperature and pressure at which all three phases—solid,
liquid, and gas—can coexist in equilibrium.

Evaporation of a liquid is the result of the fastest moving
molecules escaping from the surface. Saturated vapor pressure
refers to the pressure of the vapor above a liquid when the two
phases are in equilibrium. The vapor pressure of a substance
(such as water) depends strongly on temperature, and at the
boiling point is equal to atmospheric pressure. Relative humidity
of air is the ratio of the actual partial pressure of water vapor in
the air to the saturated vapor pressure at that temperature; it is
usually expressed as a percentage.

[*Diffusion is the process whereby molecules of a sub-
stance move (on average) from one area to another because of
a difference in that substance’s concentration. |
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