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4.15: Measurement of Atomic Weights

You may have wondered why we have been so careful to define atomic weights and isotopic weights as ratios of masses. The
reason will be clearer once the most important and accurate experimental technique by which isotopic weights are measured has
been described. This technique, called mass spectrometry, has developed from the experiments with cathode-ray tubes mentioned
earlier in this chapter. It depends on the fact that an electrically charged particle passing through a magnetic field of constant
strength moves in a circular path. The radius r of such a path is directly proportional to the mass m and the speed u of the particle,
and inversely proportional to the charge Q. Thus the greater the mass or speed of the particle, the greater the radius of its path. The
greater the charge, the smaller the radius. In a mass spectrometer, as seen below, atoms or molecules in the gaseous phase are
bombarded by a beam of electrons. Occasionally one of these electrons will strike another electron in a particular atom, and both
electrons will have enough energy to escape the attraction of the positive nucleus. This leaves behind a positive ion since the atom
now has one more proton than it has electrons. For example,

12C +e~ (high speed electron) — '2C T +2e~

Once positive ions are produced in a mass spectrometer, they are accelerated by the attraction of a negative electrode and pass
through a slit. This produces a narrow beam of ions traveling parallel to one another. The beam then passes through electric and
magnetic fields. The fields deflect away all ions except those traveling at a certain speed.

The beam of ions is then passed between the poles of a large electromagnet. Since the speed and charge are the same for all ions,
the radii of their paths depend only on their masses. For different ions of masses m; and m,
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and the ratio of masses may be obtained by measuring the ratio of radii, The paths of the ions are determined either by a
photographic plate (which darkens where the ions strike it, as in Figure 4.15.1) or a metal plate connected to a galvanometer (a
device which detects the electric current due to the beam of charged ions).
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Figure 4.15.1: A schematic for a mass spectrometer. Gas is ionized an accelerated through an electric potential. A magnetic field is
applied, which causes particles to deflect to differing degrees dependent upon their mass to charge ratio.

v/ Example 4.15.1: Relative Atomic Masses

When a sample of carbon is vaporized in a mass spectrometer, two lines are observed on the photographic plate. The darker
line is 27.454 cm, and the other is 29.749 cm from the entrance slit. Determine the relative atomic masses (isotopic weights) of
the two isotopes of carbon.

Solution

Since the distance from the entrance slit to the line on the photographic plate is twice the radius of the circular path of the ions,
we have
ms  To 2ry  29.749 cm

— =—=—=——"=1.08359
my 1 2rq 27.454 cm
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Thus mp = 1.083m;. If we assume that the darker mark on the photographic plate is produced because there are a greater
number of

12" ions than of the less common13*, then m; may be equated with the relative mass of ézc and may be assigned a value of
12.000 000 exactly. The isotopic weight of éZC is then

ms = (1.08359)(12.000000) = 13.0031

Notice that in mass spectrometry all that is required is that the charge and speed of the two ions whose relative masses are to be
determined be the same. If the mass of an individual ion were to be measured accurately, its actual speed upon entering the
magnetic field and the exact magnitude of its electric charge would have to be known very accurately. Therefore it is easier to
measure the ratio of two masses than to determine a single absolute mass, and so atomic weights are reported as pure numbers.
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