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16.3: Atoms, Molecules, and Probability

On a microscopic level we can easily explain why some processes occur of their own accord while others do not. A spontaneous
process corresponds to rearrangement of atoms and molecules from a less-probable situation to a more-probable one. A
nonspontaneous process, by contrast, corresponds to movement from a probable situation to an improbable one.

An example of what probability has to do with spontaneity is provided by expansion of a gas into a vacuum. Let us calculate the
probability that the process of gas expansion from flask A into a connected flask B will reverse itself, that is, the probability that the
gas molecules will all collect again in flask A. If we choose a particular molecule and label it number 1, we find that it is sometimes
in flask A and sometimes in flask B. Since the molecule’s motion is random and the two flasks contain the same volume, the
molecule should spend half its time in each container. The probability of finding molecule 1 in container A is therefore 1/2.
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Figure 16.3.1 When two molecules are placed in two containers of equal volume, four different arrangements are possible.

Next let us consider the probability that two molecules, labeled 1 and 2, are both in flask A. Figure 16.3.1shows the four possible
ways these two molecules can be arranged in the two flasks. All four are equally likely, but only one has both molecules in flask A.
Thus there is one chance in four that molecules 1 and 2 are both in flask A. This probability of 1/4 equals 1/2 x 1/2; i.e., it is the
product of the probability that molecule 1 was in flask A times the probability that molecule 2 was in flask A. By a similar
argument we can show that the probability that three given molecules are all in flask A is 1/2 x 1/2 x 1/2 = (1/2)>=1/8, and, in
general, that the probability of all N gas molecules being in flask A at once is (1/2)".

If we had 1 mol gas in the flasks, there would be 6.022 x 10?3 molecules. The probability p that all of them would be in flask A at

the same time would be
/1 6.022 x 103 B 1 - 1
P=13 96022 x10% 101813 x 107

This unimaginably small number could be written as 0.000 000 . . . , where there would be 1.813 x 10?3 zeros and then a 1. It
would take over a thousand million million years to write that many zeros! Because there are so many molecules in a mole of gas

(or any other macroscopic quantity), the probability that the spontaneous expansion will reverse itself is inconceivably small. The
reversal is so improbable as to be impossible in any practical sense.

Similar remarks apply to the probability of reversing other spontaneous processes. In Figure 16.3.2a, some of the atoms in a bar of
metal at uniform temperature will be vibrating more than others, but the unusually energetic atoms will be distributed fairly evenly
throughout the bar.
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Figure 16.3.2 On the molecular level the reversal of a spontaneous heat flow is an extremely improbable event. (a) When a body is
at uniform temperature, we expect some atoms to have more energy than others. These high-energy atoms will be distributed more
or less evenly throughout the volume of the bar. (b) It is conceivable that by some set of freak collisions all the more-energetic
atoms will be found on the left-hand side the body, making that side warmer. Such an event is so improbable that we can regard it
as, in effect, impossible.
We will not suddenly find all the energetic metal atoms on the left end of the bar and all the weakly vibrating ones on the right, as
in Figure 16.3.2b. The possibility exists that a freak series of collisions between vibrating atoms might produce a high

https://chem.libretexts.org/@go/page/49561



https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/49561?pdf
https://chem.libretexts.org/Bookshelves/General_Chemistry/ChemPRIME_(Moore_et_al.)/16%3A_Entropy_and_Spontaneous_Reactions/16.03%3A_Atoms_Molecules_and_Probability

LibreTextsw

concentration of energetic atoms on the left, but such an occurrence is inconceivably improbable.

When a falling book hits the floor, its kinetic energy is converted to heat energy. The floor warms up slightly, and the molecules
there start vibrating a little more energetically. For such a process to reverse itself spontaneously, all the floor molecules under the
book would suddenly have to become more energetic and vibrate in unison in a vertical direction, flinging the book into the air. As
in the previous two examples, this would require a freak series of molecular collisions which is so improbable as never to occur in
the entire lifetime of the universe.

These principles also apply to the processes considered in the section on spontaneous processes. In the NI3 reaction, all of the
particles distributed in the explosion would all have to return back to the ring stand and reassemble themselves. Even leaving the
chemical reaction unconsidered for the moment, this return of all the particles is highly improbable.

A similar argument can be put forward for the un-mixing of the dye. The probability that all of the dye molecules will return back
to a single uniform drop separate from the water at one moment is another situation so improbable that it will never happen.

Simple cases we have described show how spontaneous and nonspontaneous processes can be considered from a microscopic and
statistical viewpoint. In any real sample of matter there are a great many molecules jostling each other about, exchanging energy,
and sometimes exchanging atoms. This constant jostle is like shuffling a gigantic deck of cards. Because the numbers involved are
so large, the laws of probability are inexorable. Some probabilities are large enough to be virtual certainties, while others are small
enough to be unthinkable. Invariably the reversal of a spontaneous process turns out to involve movement from an almost certain
situation to one which is unimaginably improbable. Conversely, a spontaneous process occurs when a sample of matter finds itself
momentarily in a highly improbable situation. As fast as possible, it will adjust on the molecular level until maximum probability is
attained.
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