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Coulomb Force and Potential Energy

Coulomb’s Law of electrostatic force (i.e., the force between two charged
bodies) is given by:

9.9
Flr)=-—""";
(n 47gyr’
where q, and q, are the charges on the two bodies; r is their distance of
separation, and ¢, is the permittivity of the vacuum, which has the
numerical value (in Sl units) 8.854 x 102 C2J"'m".

Because the mutual potential energy, V, of such a pair of charges is
generated by the electrostatic force acting over a distance, the energy is
obtained by integrating the above expression over the separation

distance, r:
V() = -[" -39z _gr _ Q_1q_z_(_1 : 1]

n 4rg,r drgy \r, T,

If the two charged bodies are an electron and an atomic nucleus, then if r, is
very large (i.e., the electron is at an infinite distance from the nucleus),
the above expression becomes

9.

V(r) =
() 4e,r

In Sl units, the charge is given in coulombs, in which e = p* = 1.602 x
10™.C,
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Thus, if the two charged bodies are an electron and a proton at a separation
of 1A (1x10% cm),

-(1.602x 10 C)?
V(1AD): ( 12,2 1.1 ) 10
47(8.854 x 10"2C%J'm™)(1x 10 "°m)
- -2.307x10 %Y

A more convenient unit for expressing electronic energies in atoms is the
electron-volt, eV, which is the kinetic energy gained by an electron in
falling through a potential difference (voltage) of 1 volt. Since1V =1

J/IC, then
1eV=1Vx(1.602x10" C)=1.602x10"J
= 96.47 kJ/mol
Therefore, for the above case of an electron-proton interaction at a distance
of 1A,
-2.307x10 Y
V = - _14.40 eV
1.602x10 *J/eV
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Stoichiometry and the Atomic Theory of Matter

Composition of Matter

Mixtures
Substances
Compounds
Elements

Atomic Theory of Matter

Conservation of Mass  (Lavoisier)
Mass is neither created nor destroyed.

Definite Proportions (Proust)
A given compound always contains exactly the same
proportion of elements by mass.

Multiple Proportions (Dalton)
When two elements form a series of compounds, the ratios
of the masses of the second element that combine with a
given mass of the first element can always be reduced to
small whole numbers.

Atomic Theory (Dalton)
Elements are composed of tiny, identical individual
particles called atoms.
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Combining Volumes (Gay-Lussac)
At the same temperature and pressure, the ratios of
volumes of gases that react with each other are small
whole numbers.

Avogadro’s Hypothesis (Avogadro)
At the same temperature and pressure, equal volumes of
different gases contains the same number of particles.

Cannizzaro’s Interpretation (Cannizzaro)

Compiled relative masses of atoms and molecules to
confirm correct molecular formulas.

Weighing and Counting Molecules

Atomic Weights
Avogadro’s Number
The Mole

Chemical Formulas and Chemical Equations

Empirical Formulas
Molecular Formulas
Percentage Composition
Balanced Chemical Equations

Mass Relationships in Chemical Reactions

Conservation of Mass
Limiting Reagent
Percentage Yield
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TABLE 1.3

Masses and abundances of particles and selected isotopes
of the elements

Particle Symbol Mass (amu) Mass (g)
Electron e 0.00054858 9.10938 X 107
Proton 'p 1.0072765 1.672622 X 107
Neutron In 1.0086649 1.674927 X 10~
Isotope Mass (amu)  %Abundance  Isotope Mass (amu)  %Abundance
H 1.007825 99.985 2Na 22.989767 100.00

H 2014102 0.015 25| 34.968852 1577
3He 3.01603 0.0000014 el 36.965903 24.23
$He 4.002602 100.000 seFe 53.939612 58

SLi 6.015121 75 Fe 55.934939 91.8

ILi 7.016003 92.5 37Fe 56.935396 2

8 12.0 98.90 $Fe 57.933277 0.3

o 13.003355 1.10 $5Cu 62.929598 69.2

YN 14.003074 99.63 Bty 64.927793 30.8

LN 15.000108 0.37 IBr 78.918336 50.69
150) 15.994915 99.76 $IBr 80.916289 4931
Yo 16.999131 0.04 WAg 106.905092 51.839
30 17.999160 0.20 PAg 108.904757 48.161
3 18.998403 100.00 197 Au 196.966543 100.00
20Ne 19.992435 90.48 2y 234.040946 0.005
2INe 20.993843 0.27 2u 235.043924 0.720
2Ne 21.991383 9.25 28y 238.050784 99.275
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TABLE 21.1 Number of Stable Nuclides Related to Numbers of

Protons and Neutrons

Number of Number of Number of

Protons Neutrons Stable Nuclides Examples
Even Even 168 2C. 00
Even Odd 57 - Bl 7 i
Odd Even 50 13F, 31Na
Odd Odd 4 ?H, $Li

Note: Even numbers of protons and neutrons seem to favor stability.

FIGURE 21.9

The binding energy per nucleon as a func-
tion of mass number. The most stable nuclei
are at the top of the curve. The most stable
nucleus is 3¢Fe.
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Figure 1.1 Cosmic abundances of the elements as a function of atomic number Z. Abundances are
of Si and are plotted on a logarithmic scale. (From A. G. W. Cameron, Space Sci. Rev. 15, 121-46 (1973), with some updating.)
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