CONCEPTUAL EXAMPLE 27-16 | Hydrogen at 20°C. Estimate the average

kinetic energy of whole hydrogen atoms (not just the electrons) at room
temperature, and use the result to explain why nearly all H atoms are in the
ground state at room temperature, and hence emit no light.

RESPONSE According to kinetic theory (Chapter 13), the average KE of
atoms or molecules in a gas is given by Eq. 13-8:
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where % = 1.38 x 1072 J/K is Boltzmann’s constant, and T is the kelvin
(absolute) temperature. Room temperature is about T = 300K, so

KE = 3(1.38 X 1077 J/K)(300K) = 6.2 X 107'],

or, in electron volts:

6.2 % 107
RE=—— = 0(4eV.
1.6 X 10°1/eV :

e

The average KE of an atom as a whole is thus very small compared to the
energy between the ground state and the next higher cnergy state
(13.6eV — 34eV = 10.2¢V), Any atoms in excited states quickly fall to
the ground state and emit light. Once in the ground state, collisions with
other atoms can transfer energy of only 0.04 eV on the average. A small
fraction of atoms can have much more energy (see Section 13-11 on the
distribution of molecular speeds), but even a KE that is 10 times the
average is not nearly enough to excite atoms above the ground state. Thus,
at room temperature, nearly all atoms are in the ground state. Atoms can
be excited to upper states by very high temperatures, or by passing a
current of high energy electrons through the gas, as in a discharge tube
(Fig. 27-20).

Correspondence Principle

We should note that Bohr made some radical assumptions that were at
variance with classical ideas. He assumed that electrons in fixed orbits do
not radiate light even though they are accelerating (moving in a circle), and
he assumed that angular momentum is quantized. Furthermore, he was not
able to say how an electron moved when it made a transition from one
energy level to another. On the other hand, there is no real reason to
expect that in the tiny world of the atom electrons would behave as
ordinary-sized objects do. Nonetheless, he felt that where quantum theory
overlaps with the macroscopic world, it should predict classical results. This
is the correspondence principle, already mentioned in regard to relativity
(Section 26—-11). This principle does work for Bohr’s theory of the hydrogen
atom. The orbit sizes and energies are quite different for n = 1 and n = 2,
say. But orbits with n = 100,000,000 and 100,000,001 would be very close in
size and energy (see Fig. 27-27). Indeed, jumps between such large orbits,
which would approach macroscopic sizes, would be imperceptible. Such
orbits would thus appear to be continuously spaced, which is what we expect
in the everyday world.

Finally, it must be emphasized that the well-defined orbits of the Bohr
model do not actually exist. The Bohr model is only a model, not reality. The
idea of electron orbits was rejected a few years later, and today electrons are
thought of (Chapter 28) as forming “probability clouds.”

SECTION 27-12 The Bohr Model

Correspondence principle
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