he Afom: From
hilosophical Idea to
cientific Theory

. @ Summanze the five essential
Phen you crush a lump of sugar, you can see that it is made up of “points of Dalton s atomlc

any smaller particles of sugar. You may grind these particles into a very theory
ne powder, but each tiny piece is still sugar. Now suppose you dissolve ‘ _
:e sugar in water. The tiny particles‘seem to disappear comple'tely. Even ° EXplva'inr the ela tibnship

you look at the sugar-water solution through a powerful microscope, betwieen Dafton's atomic
DU cannot see any sugar particles. Yet if you were to taste the solition, ' theory and the law of consér—
onw’d know that the sugar is still there. Observations like these led early  vation of mass, the law of
hilosophers to ponder the fundamental nature of matter. Is it continu- ) defmte proportlons and the
us and infinitely divisible, or is it divisible only until a basic, invisible law of multrple proportions,
article that cannot be divided further is reached?

The particle theory of matter was supported as early as 400 B.C. by
rtain Greek thinkers, such as Democritus. He called nature’s basic par-
cle an atom, based on the Greek word meaning “indivisible.” Aristotle
as part of the generation that succeeded Democritus. His ideas had a
sting impact on Western civilization, and he did not believe in atoms.
e thought that all matter was continuous, and his opinion was accept-
for nearly 2000 years. Neither the view of Aristotle nor that of Go to go.hrw.com for a full-length
emocritus was supported by experimental evidence, so each remained ;fgle c:l;ht: hmorf i’.f atomic
Speculauon until the eighteenth century. Then scientists began to gather 3 & ansmutation.
evidence favoring the atomic theory of matter. ‘_ Keyword: HC6ATMX

Historical Chemistry

[Eundations of Atomic Theory

Virtuaily all chemists in the late 1700s accepted the modern definition
of an element as a substance that cannot be further broken down by
ordinary chemical means. It was also clear that elements combine to
form compounds that have different physical and chemical properties -
than those of the elements that form them. There was great controversy,
hOWever as to whether elements always combine in the same ratio
When forming a particular compound.

The transformation of a substance or substances into one or more
Dew substances is known as a chemical reaction. In the 1790s, the study
f matter was revolutionized by a new emphasis on the quantitative
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Carbon monoxide, CO
Mass x + Mass y

Carbon, C Oxygen, O
Mass X Mass y

(b)

+

Carbon, C
Mass X + Mass y Mass x Mass y

Carbon monoxide, CO Oxygen, O

idea is illustrated in Figure 2 for the formation of carbon monoxide
from carbon and oxygen.

The law of definite proportions, on the other hand, results from the
fact that a given chemical compound is always composed of the same
combination of atoms (see Figure 3). As for the law of multiple
proportions, in the case of the carbon oxides, the 2-to-1 ratio of oxygen

masses results because carbon dioxide always contains twice as many.

atoms of oxygen (per atom of carbon) as does carbon monoxide, This
can also be seen in Figure 3.

(a)

Carbon, C  Oxygen, O

Carbon, C  Oxygen, O Oxygen, O

Carbon monoxide, CO
(b)

Carbon dioxide, Co,

[ﬁodern Atomic Theory

By relating atoms to the measurable property of mass, Dalton turned
Democtitus’s idea into a scientific theory that could be tested by experi-
ment. But not all aspects of Dalton’s atomic theory have proven to be
correct. For example, today we know that atoms are divisible into even
Smaller particles (although the law of conservation of mass still holds
rue for chemical reactions). And, as you will see in Section 3, we know
that a given element can have atoms with different masses, Atomic the-
0ry has not been discarded, however. Instead, it has been modified to
€xplain the new observations. The important concepts that (1) all mat-
ter is composed of atoms and that (2) atoms of any one element differ
in properties from atoms of another element remain unchanged.

FIGURE 2 (a) An atom of
carbon, C, and an atom of oxygen,
O, can combine chemically to form
a molecule of carbon monoxide, CO.
The mass of the CO molecule is
equal to the mass of the C atom
plus the mass of the O atom.

(b) The reverse holds true in a

reaction in which a CO molecule
is broken down into its elements.

FIGURE 3 (a) CO molecules are

always composed of one C atom and
one O atom. (b) CO, molecules are
always composed of one C atom and
two O atoms. Note that a molecule
of carbon dioxide contains twice as
many oxygen atoms as does a mole-
cule of carbon monoxide.
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thesis revealed the following
ryations.

thode rays were deflected by a
pagnetic field in the same mamer
s a wire carrying electric current,
vhich was known to have a nega-
ve charge (see Figure 5).

he rays were deflected away from
negatively charged object.

9

esec observations led to the
thesis that the particles that
ose cathode rays are negatively
ed. This hypothesis was strongly
ported by a series of experiments
ed out in 1897 by the English physicist Joseph John Thomson. In
ne investigation, he was able to measure the ratio of the charge of
athode-ray particles to their mass, He found that this ratio was always
€ same, regardless of the metal used to make the cathode or the
ature of the gas inside the cathode-ray tube. Thomson concluded that

Il cathode rays are composed of identical negatively charged particles,
ch were named electrons.

Charge and Mass of the Electron
Thomson’s experiment revealed that the electron has a very large charge-
to-mass ratio. Because cathode 1ays have identical properties regardless
of the element used to produce them, it was concluded that electrons are
Ppresent in atoms of all elements. Thus, cathode-ray experiments provided
evidence that atorns are divisible and that one of the atom’s basic con-
tituents is the negatively charged electron. In 1909, experiments con-
ucted by the American physicist Robert A. Millikan measured the
harge of the electron. Scientists used this information and the charge-to-
' mass ratio of the electron to determine that the mass of the electron is
“about one two-thousandth the mass of the simplest type of hydrogen
atom, which is the smallest atom known. More-accurate experiments con-
ducted since then indicate that the electron has a mass 0f 9.109 x 10-31 kg,
or 1/1837 the mass of the simplest type of hydrogen atom.
Based on what was learned about electrons, two other inferences
Were made about atomic structure, .
1. Because atoms are electrically neutral, they must contain a positive
charge to balance the negative electrons.
2. Because electrons have s0 much less mass than atoms, atoms must
contain other particles that account for most of their mass.
Thomson proposed a model for the atom that is called the plum pudding
model (after the English dessert). He believed that the negative electrons
Were spread evenly throughout the positive charge of the rest of the atom.
Is arrangement is similar to that of seeds in a watermelon: the seeds are
SPread throughout the fruit but do not contribute much to the overall
ass. However, shortly thereafter, new experiments disproved this model.

Vacuum pump

FIGURE 5 A magnet near the
cathode-ray tube causes the beam to
be deflected. The deflection indi-
cates that the particles in the beam
have a negative charge.
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Composition of the Atomic Nucleus

xcept for the nucleus of the simplest type of hydrogen atom (discussed
the next section), all atomic nuclei are made of two kinds of particles,
protons and neutrons. A proton has a positive charge equal in Imagni-
de to the negative charge of an electron. Atoms are electrically neu-
tral because they contain equal numbers of protons and electrons. A
neutron is electrically neutral.

The simplest hydrogen atom consists of a single-proton nucleus with a
Single electron moving about it. A proton has a mass of 1.673 x 10~ kg,

- fieutron is 1.675 x 10?7 kg—slightly larger than that of a proton.

The nuclei of atoms of different elements differ in their number of
Protons and therefore in the amount of positive charge they possess.
Thus, the number of protons determines that atom’s identity. Physicists
have identified other subatomic particles, but particles other than elec-
trons, protons, and neutrons have little effect on the chemical properties

of matter. Table 1 on the next page summarizes the properties of elec-
trons, protons, and neutrons.

Forces in the Nucleus

Generally, particles that have the same electric charge repel one another.
erefore, we would expect a nucleus with more than one proton to

be unstable. However, when two protons are extremely close to each
ot

her, there is a strong attraction between them. In fact,more than 100 -

FIGURE 7 Rutherford reasoned
that each atom in the gold

foil contained a small, dense, posi-
tively charged nucleus surrounded
by electrons. A small number of the
alpha particles directed toward the
foil were deflected by the tiny nu-
cleus (red arrows). Most of the parti-
cles passed through undisturbed
(black arrows).



