This process of protein synthesis is often presented as if it occurred in
clockwork fashion—as if each molecule knew its role and went to its assigned
place. But this is not the case. The forces of attraction between the electric
charges of the molecules are rather weak and become significant only when the
molecules can come close together and several weak bonds can be made.
Indeed, if the shapes are not just right, there is almost no electrostatic attrac-
tion, which is why there are few mistakes. The fact that weak bonds are weak is
very important. If they were strong, collisions with other molecules would not
allow a 1-RNA molecule to be released from the ribosome, or the m-RNA to be
released from the DNAL If they were not temporary encounters, metabolism
would grind to a halt.

As each amino acid is added to the next, the protein molecule grows in length
until it is complete. Even as it is being made, this chain is being buffeted about in
the cellular sea—we might think of a wiggling worm. But a protein molecule has
electrically charged polar groups along its length. And as it takes on various  Protein shape
shapes, the electric forces of attraction between different parts of the molecule
will eventually lead to a particular configuration that is quite stable. Each type of
protein has its own special shape, depending on the location of charged atoms. In
the last analysis, the final shape depends on the order of the amino acids,
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When atoms combine to form molecules, the probability distributions of the
outer electrons overlap and this interaction alters the energy levels. Nonethe-
less, molecules can undergo transitions between electron energy levels just as
atoms do. For example, the H, molecule can absorb a photon of just the right
frequency to excite one of its ground-state electrons to an excited state.
The excited electron can then return to the ground state, emitting a photon. The
energy of photons emitted by molecules is of the same order of magnitude as
for atoms, typically 1 to 10eV.

Additional energy levels become possible for molecules (but not for atoms)
because the molecule as a whole can rotate, and the atoms of the molecule can
vibrate relative to each other. The energy levels for both rotational and vibrational
levels are quantized, and are generally spaced much more closely (107 to 107" eV)
than the electronic levels. Each atomic energy level thus becomes a set of closely
spaced levels corresponding to the vibrational and rotational motions, Fig. 29-14.
Transitions from one level to another appear as many very closely spaced lines.
In fact, the lines are not always distinguishable, and these spectra are called
band spectra. Each type of molecule has its own characteristic spectrum, which
can be used for identification and for determination of structure. We now look in
more detail at rotational and vibrational states in molecules,

FIGURE 29-14 (a) The individual energy levels of
an isolated atom become (b) bands of closely spaced
levels in molecules, as well as in solids and liquids.
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