800

@ cauTiON

Subshells are not alwavs
filled in “order™

FIGURE 28-11 Spectrum of
X-rays emitted from a molybdenum
target in an X-ray tube operated

at S0kV,

Characteristic X-ravs

The presence of the transition elements in the center of the table, as well as
the lanthanides (rare earths) and actinides below, is a result of incomplete inner
shells. For the lowest Z elements, the subshells are filled in a simple order: first
15, then 2s, followed by 2p, 3s, and 3p. You might expect that 3d (n = 3, [ = 2)
would be filled next, but it isn’t. Instead, the 4s level actually has a slightly lower
energy than the 3d (due to electrons interacting with each other), so it fills first
(K and Ca). Only then does the 3d shell start to fill up, beginning with Sc, as can
be seen in Table 28-3. (The 45 and 3d levels are close, so some elements have
only one 4s electron, such as Cr.) Most of the chemical properties of these
transition elements are governed by the relatively loosely held 4s electrons, and
hence they usually have valences of +1 or +2. A similar effect is responsible for
the lanthanides and actinides, which are shown at the bottom of the periodic
table for convenience. All have very similar chemical properties, which are
determined by their two outer 65 or 7s electrons, whereas the different numbers
of electrons in the unfilled inner shells have little effect.

m X-Ray Spectra and Atomic Number

The line spectra of atoms in the visible, UV, and TR regions of the EM spectrum
are mainly due to transitions between states of the outer electrons. Much of the
charge of the nucleus is shielded from these electrons by the negative charge on
the inner electrons. But the innermost electrons in the n = 1 shell “see” the
full charge of the nucleus. Since the energy of a level is proportional to Z7 (see
Eq. 27-15), for an atom with Z = 50, we would expect wavelengths about
50° = 2500 times shorter than those found in the Lyman series of hydrogen
(around 100 nm), or 102 to 10~" nm. Such short wavelengths lie in the X-ray region
of the spectrum.
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X-rays are produced when electrons accelerated by a high voltage strike the
metal target inside the X-ray tube (Section 25-11). If we look at the spectrum of
wavelengths emitted by an X-ray tube, we see that the spectrum consists of two
parts: a continuous spectrum with a cutoff at some A, which depends only on the
voltage across the tube, and a series of peaks superimposed. A typical example is
shown in Fig. 28—11. The smooth curve and the cutoff wavelength A; move to the
left as the voltage across the tube increases, The sharp lines or peaks (labeled K,
and K; in Fig. 28—11), however, remain al the same wavelength when the voltage
is changed, although they are located at different wavelengths when different
target materials are used. This observation suggests that the peaks are character-
istic of the material used. Indeed, we can explain them by imagining that the
electrons accelerated by the high voltage of the tube can reach sulficient
energies that when they collide with the atoms of the target, they can knock out
one of the very tightly held inner electrons, Then we explain these characteristic
X-rays (the peaks in Fig, 28-11) as photons emitted when an electron in an upper
state drops down to fill the vacated lower state. The K lines result from transitions
into the K shell (n = 1). The K, line consists of photons emitted in a transition
that originates from the n = 2 (L) shell and drops to the n = 1 (K) shell,
whereas the K line reflects a transition from the n = 3 (M) shell down to the
K shell. An L line 1s due to a transition into the L shell, and so on.
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