Atomic structure
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Atomic Mass Unit, amu = (1/12) of the atomic mass of the carbon 12 isotope ('2C).

Atomic Weight: is the weighted average of the atomic masses of the atom’s naturally
occurring isotopes. It is expressed as (amu/atom) or (amu/molecule).

In one Mole of a substance, there are 6.0221*102% (Avogadro’s Number) of atoms or
molecules.
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Average Atomic Weight Computation for Cerium

Cerium has four naturally occurring isotopes: 0.185% of *Ce, with an atomic weight of
135.907 amu; 0.251% of "*Ce, with an atomic weight of 137.906 amu; 88.450% of "'Ce, with
an atomic weight of 139.905 amu; and 11.114% of 2Ce, with an atomic weight of 141.909 amu.
Calculate the average atomic weight of Ce.

Solution

The average atomic weight of a hypothetical element M, Ay, is computed by adding fraction-
of-occurrence —atomic weight products for all its isotopes: that is,

Ay=Y fi A, (22)
|

In this expression, f; is the fraction-of-occurrence of isotope i for element M (i.e., the percentage-
of-occurrence divided by 100), and A, is the atomic weight of the isotope.
For cerium, Equation 2.2 takes the form

Ace = finge Asge + fisge Awcy + flage Aag, + fiege Aveg
Incorporating values provided in the problem statement for the several parameters leads to
- (0.185% 0.251% 88.450%
“7\ 100 100
(ll,l 14%

>(l35.907 amu) + ( )(137.906 amu) + ( )(139,905 amu)

100
= (0.00185)(135.907 amu) + (0.00251)(137.906 amu) + (0.8845)(139.905 amu)
+ (0.11114)(141.909 amu)

= 140.115 amu

)(141.9()9 amu)
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136Ce 135.907 % 0.2514
138Ce 137.906 %501 0.3461
140Ce 139.905 818(';:)5 123.746
142Ce 141.909 11';3 2 15.772

SUM =| 140.115




Homework:

Lead (Pb) has four naturally occurring 1sotopes as shown 1in the table. Calculate its average atomic weight.

Isotope  Occurrence  Atomic Weight (amu)

2¥ph 1.4% 203.973
205ph 24.1% 205.974
ATph 22.1% 206.976
2%Pph 52.4% 207.977

SOLUTION:




quantum mechanics

Bohr atomic model

Atomic Models 4,3 gil

During the latter part of the nineteenth century, it was realized that many phenomena
involving electrons in solids could not be explained in terms of classical mechanics. What
followed was the establishment of a set of principles and laws that govern systems of atomic
and subatomic entities that came to be known as quantum mechanics. An understanding of
the behavior of electrons in atoms and crystalline solids necessarily involves the discussion
of quantum-mechanical concepts. However, a detailed exploration of these principles is
beyond the scope of this text, and only a very superficial and simplified treatment is given.

One early outgrowth of quantum mechanics was the simplified Bohr atomic model,
in which electrons are assumed to revolve around the atomic nucleus in discrete orbitals,
and the position of any particular electron is more or less well defined in terms of its
orbital. This model of the atom is represented in Figure 2.1.

Another important quantum-mechanical principle stipulates that the energies of
electrons are quantized—that is, electrons are permitted to have only specific values of
energy. An electron may change energy, but in doing so, it must make a quantum jump
either to an allowed higher energy (with absorption of energy) or to a lower energy (with
emission of energy). Often, it is convenient to think of these allowed electron energies as
being associated with energy levels or states. These states do not vary continuously with
energy—that is, adjacent states are separated by finite energies. For example, allowed
states for the Bohr hydrogen atom are represented in Figure 2.2a. These energies are
taken to be negative, whereas the zero reference is the unbound or free electron. Of
ourse, the sinele electron associated with the hvdrogen atom fills onlv one of these states.



This Bohr model was eventually found to have some significant limitations because of
lts inability to explain several phenomena involving electrons. A resolution was reached
wavemechanical — With a wave-mechanical model, in hich the electron 1§ considered to exhibit both wave-
model like and particle-ike characteristics. With this model, an electron 1 no longer treated as
a particle moving in a discrete orbital; rather, position is considered to be the probability
of an electron bemng at various locations around the nucleus. In other words, position 1s
described by a probability distribution or electron cloud. Figure 2.3 compares Bohr and
wave-mechanical models for the hydrogen atom. Both models are used throughout the
course of this text; the choice depends on which model allows the simplest explanation.



