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Partone  Opening up the atom

For almost a hundred years after John Dalton put forward his
atomic theory, people thought of atoms as solid indestructible
particles. They had no reason, and no experimental evidence,
to think otherwise. And although we have now learned much
more about atomic structure, and although our model of the
atom is no longer that of a solid particle, Dalton’s original
idea remains a useful one. In all the chemistry you have
studied so far, for example, the solid atom has been a per-
fectly adequate basis to understand chemical behaviour — to
explain reactions in terms of rearrangement of the atoms and
to arrange a periodic table of the elements based on their
atomic weights. In much (but not all) of the chemistry you
will do in the future, it will continue to be adequate. Dalton’s
model of the atom is simple. That it is too simple - that it will
no longer explain everything we know about the behaviour of
substances - is no reason for getting rid of it.

The size of the atom — Dalton imagined that atoms were the
ultimate particles into which matter could be broken down
and that particles smaller than the atom did not exist. He also
believed the atoms of each element to be exactly alike and to
differ from those of all other elements. He thought this dif-
ference showed itself chiefly in respect of atomic weight, with
hydrogen atoms the lightest of all. Chemists immediately set
about finding these atomic weights. How they did so makes
a fascinating story, but it is not one that we can cover here. At
an important conference held at Karlsruhe in 1860, scientists
agreed on fairly reliable estimates of the atomic weights of
the elements known by then — about sixty of them.

These atomic weights, however, did not represent the
actual weight of the atoms. They showed, for example, how
much heavier an oxygen atom was than a hydrogen atom or
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how much heavier a chlorine atom was than an oxygen atom
they did not show the absolute weight (the weight of a particu-
lar atom in millionths of a gram) of any of them. In other
words, they were relative weights, relative to the hydrogen
atom as 1.

In about 1865 the absolute weights of atoms were deter-
mined by calculating the number of particles in a fixed
volume of gas. These calculations showed that the atomic
weight of an element in grams (gram atomic weight) con-
tained something under a million million million million
atoms — as we now know precisely, using such accurate
methods as X-ray diffraction, 6:023 » 10** atoms. This num-
ber is called Avogadro’s Number, after the Italian scientist
Avogadro. In 1811 Avogadro put forward the principle that
equal volumes of all gases at the same temperature and
pressure contain the same number of molecules. Since 1865
Avogadro’s Number has been experimentally verified in
several different ways. The gram atomic weight divided by
Avogadro’s Number shows the absolute weight of an atom
to be extremely small.

Smaller than the atom — The first step leading to the idea that
atoms might not be the ultimate particles of matter, solid and
indestructible, was the discovery of the electron — a * particle’
very much smaller than the atom itself. The discovery came
about from experimental work by scientists on the passing of
electricity through gases.

At normal pressures, gases arespoor conductors of elec-
tricity. But when an electric current is passed through a gas at
low pressure (see the pictures of a vacuum tube) a thin zig-zag
spark darts between the two electrodes. As the pressure is
further reduced a bright column of light fills the tube. The
colour of this light depends upon the chemical nature of the
gas — sodium gas is yellow; neon is red. You will have seen
lighting of this kind in street lamps, in shop and advertising
signs, and sometimes in houses. Finally, as the pressure is
ceven further reduced - to about { mm of mercury — the bright
column of light recedes towards the anode, and the glass
opposite the cathode begins to glow. You will have seen this
glow too — on the screen of a television set. For a television
tube contains gas at a very low pressure through which an
electric current is passed.

Long before television, in 1869, Hittorf showed that a solid
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object placed in front of the cathode casts a shadow on the
glass. Evidently the glow was caused by rays stréaming from
the cathode, A few years later Sir William Crookes found that
these cathode rays could be deflected with a magnet. He
therefore concluded that they were not light rays, as had been
originally supposed, but were electrically-charged particles —
subsequently found to be negatively charged.

In 1897 Sir J. J. Thomson carried out some experiments on
these negatively-charged particles at the Cavendish Labora-
tory in Cambridge. As a result of these experiments he
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arrived at a rough value for the mass of the electron. This
was very small — about two thousand times less than the mass
of the smallest atom, hydrogen.

Radieactivity — Contemporary with the first work on the
nature of the electron, another big step towards opening up
the structure of the atom was the chance discovery of radio-
activity by Henri Becquerel in 1896. Becquerel, who was
examining the nature of fluorescence, happened to have some
uranium salt in a drawer on top of a photographic plate. To
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Henri Becquerel (1862 = 1808),
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A reconstruction of Becquerel's
original expenment. The photo-
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the dish, became fogged —
although it was covered from
the light with paper. Becguereal
therafore concluded that the
fogaing must be due to the
uranium compound lying on
top of the plate.
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his surprise he later noticed that the plate had become fogged,
though it had not been exposed to light. He therefore con-
cluded that the uranium salt must be emitting rays and,
working with Madame Curie, he found that this emission of
rays — called radioactivity — was also a property of the element
thorium. Shortly afterwards, Madame Curie and her husband
Pierre isolated two more radioactive elements: polonium and
radium.

On examining the rays emitted by radioactive substances,
scientists found that they were of three distinct kinds: o rays
which were positively-charged particles of about the same
mass as a helium atom (the next lightest atom to hydrogen);
@ rays which were negatively-charged particles identified with
the electrons that had been found in cathode rays; and y rays
which were high-energy waves similar to the X-rays that had
been discovered by the German Wilhelm Rontgen in 1895.
But where, people wondered, were these particles and rays
coming from?

To explain the origin of radioactivity, the New Zealander
Ernest Rutherford and the Englishman Frederick Soddy sug-
gested that the particles and rays resulted from the breaking-
down of the atoms of the radioactive elements to form other
simpler elements. If their theory was acceptable it meant that
fiot only were some elements unstable but also some atoms
were not indestructible.

Marie Curie (1867 — 1934) and
Pierre Curie (1858 = 1808), tha
discoverars of the radicactiva
glaments polonium and radium.
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Parttwo  Atoms like the solar system

Rutherford’s model of the atom
with a nucleus of positive
charge araund which there
orbited ‘planetary’ electrons
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The Rutherford atom — Elements had been discovered that
emitted electrically-charged particles. This led to the idea
that atoms might be built up of these particles. Scientists
devised models to show what they thought the structure of
the atom was like. Among the various atomic models put
forward was that of J. J. Thomson’s plum pudding’ in which
electrons were embedded like currants in a sphere of positive
electrical charge. But it remained for Rutherford to come to
grips with the problem.

Lord Rutherford was one of the greatest scientific experi-
menters ever. In 1911 Marsden and Geiger, two members of
the Physics Department working under Rutherford at
Manchester University, carried out a famous series of investi-
gations into the structure of the atom. They directed o
particles from a radioactive element at a target of very thin
gold foil. To find out the effect of the foil atoms on the high-
speed positively charged o particles, they placed behind the
foil a screen coated with phosphorescent zinc sulphide. What
this screen is and why they used it needs some explaining. In
all experiments aimed at probing the secrets of the atom there
is the problem that individual atoms are far too small to see,

even today with the highest-powered microscopes. However,
it is often possible to reveal the presence of atoms or of atomic
particles indirectly. The phosphorescent screen, when it is
struck by an u particle, produces a tiny scintillation of light
which can be seen through a microscope. You can see this
effect yourself if you look at the hands of a luminous watch
through a powerful lens. By observing the scintillation on the
phosphorescent screen, it is possible to tell through what
angle an a particle has been rurned. (Another instrument for
observing indirectly the effect of atomic particles is the cloud
chamber - see overleaf.)

It was found that most of the particles passed through the
gold foil with only minor deflections. This was as Rutherford
had expected. A few o particles, however, were turned
through a very large angle, and occasionally an o particle
bounced back. Commenting on this, he said: *It was quite
the most remarkable event that ever happened to me in my
life. It was almost as incredible as if you had fired a 15-inch
shell at a piece of tssue paper and it came back and hit you.”
To account for this ‘remarkable event’, Rutherford formed
the idea of a nucleus of concentrated positive electrical charge
at the centre of each gold atom. Should a positively-charged
. particle collide directly with a positively-charged nucleus,
this would explain why the o particle was being repelled.
However, because most of the a particles passed through the
foil with only minor deflections, Rutherford concluded that
there must be a relatively large area of “empty’ space sur-
rounding each nucleus. Also, in so far as most atoms are
electrically neutral, he proposed that a sufficient number of
electrons to balance the positive nuclear charge revolved
around the nucleus in the empty space — they would have to
be revolving or otherwise they would be attracted into the
nucleus. Rutherford’s model of the atom has often been
likened to a miniature solar system, with electron planets
revolving round a nuclear sun. It was no longer a solid atom
but it was still fairly simple.

Shortly after Lord Rutherford proposed his model for the
atom, the Danish scientist Niels Bohr introduced some re-
finements. He worked out fixed orbits round the nucleus for
each electron, based on the calculated energies of the electrons,

The Rutherford model of the atom provided chemists with
a new Insight into the way substances behaved. It explained,
for example, the formation of charged atoms (or “ions’ as
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they are called) by the loss or gain of one or more electrons.
Thus, in the formation of sodium chloride, each sodium atom
loses an electron to become a positively-charged ion or cation
{Na®), and each chlorine atom gains an electron to become a
negatively-charged ion or anion (Cl-). Within a few years,
however, the idea of a solid electron proved as illusive as that
of a solid atom,

The electron cloud — In 1897 the German physicist Heinrich
Hertz had shown that if solids (especially metals) were
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