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000000 (Dictionary of Physics 3 Ed., Longman)
temperature Symbol: T. The property of an object that determines the direction of
heat flow when the object is brought into thermal contact with other objects : heat
flows from regions of higher to those of lower temperatures. (See thermodynamics
(second law).)

This definition merely allows one to place in order of temperature a number of
objects. To assign numerical values, it is necessary to establish a scale of
temperature. The only temperature scale now in use for scientific purposes is the
*International Practical Temperature Scale, temperature being expressed in
*degrees Celsius or *kelvins. Temperature is a measure of the kinetic energy of the
molecules, atoms, or ions of which a body or substance is composed. The
*thermodynamic temperature of a body is now treated as a physical quantity and is
measured in kelvins .

The measurement of low and moderate temperatures (roughly up to 5000) is
usually classed as thermometry while pyrometry covers the high-temperature
ranges.

0 O O O thermometer, 0O 0O O O pyrometer
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P. W. Atkins, Molecules, Scientific American Library, 5-6p 00 0 0O

BONDS BETWEEN ATOMS

Atoms do not stick together in arbitrary numbers and spatial arrangements. Instead ,
the atoms of a particular element will combine in only, certain ways with the atoms of
other elements (including, perhaps, its own atoms). The reason for the restriction is to
be found in the properties of electrons and their arrangement around each atomic
nucleus .

For our purposes it is necessary to know only that a link or bond between two
atoms in a molecule is due to their sharing of a pair of electrons . (This idea, which was
first proposed by the American chemist G. N. Lewis in the opening decades of this
century, has survived the rigors of quantum mechanical scrutiny with only minor
changes of detail.) The two electrons hover between the atoms and act as a kind of
electrostatic glue between the nuclei. That is, each bond in a molecule is a shared
electron pair. The number of bonds that an atom can form with other atoms is then a
reflection of the number of electrons it can share with its neighbors. The rules
governing this activity (which can be explained by going further into atomic structure)
are as follows:

¢ a hydrogen atom usually forms only one bond

« a carbon atom usually forms four bonds

 a nitrogen atom usually forms three bonds

¢ an oxygen atom usually forms two bonds

« a chlorine atom usually forms one bond
Bond sharing is shown in the illustration on the opposite page. Hydrogen can also take
part in a special type of bonding between molecules, in which it links two atoms; this is
explained later.

In writing the structure of a molecule (as distinct from showing a model of it), it is
common to represent a bond with a short single line (-) between the chemical symbols
of the atoms it joins. The symbols we need include:

H hydrogen
carbon
nitrogen
oxygen
fluorine

phosphorus

»w v M O Z2 O

sulfur

10



Cl chlorine

The bond between a hydrogen atom and a chlorine atom in hydrogen chloride is
therefore represented as H-C1.

Some atoms can form more than one bond to another atom. If a carbon atom shares
two pairs of electrons with a neighboring oxygen atom, for example, then there is a
double bond between them. This double bond is denotedC=0, and it can be seen in
many of the structures shown later, including acetic acid (33) and testosterone (159).
Similarly, a pair of atoms can share three pairs of electrons. Then the two atoms are
joined by a triple bond, as in the hydrogen cyanide molecule H-C=N (104), and the
fabric Orlon (69). Atoms cannot share four pairs of electrons; hence, three bonds

between two atoms is the maximum possible.

The atoms of the elements form characteristic numbers of bonds. The gray atoms represent atoms of
elements that can form one, two, or three bonds.
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3
Energy u

Semiconductor Semiconductor

Schematic electron occupancy of allowed energy bands for an insulator, metal,
semimetal, and semiconductor. The vertical extent of the boxes indicates the allowed
energy regions; the shaded areas indicate the regions filled with electrons. In a
semimetal (such as bismuth) one band is almost filled and another band is nearly
empty at absolute zero, but a pure semiconductor (such as silicon) becomes an insulator
at absolute zero, The left of the two semiconductors shown is at a finite temperature,
with carriers excited thermally. The other semiconductor is electron-deficient because

of impurities.
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00000 intrinsic semiconductor

Band scheme for intrinsic

conductivity in a semiconductor.

Vacant conduction band

Energy

At OK the conductivity is zero

Forbidden band

because all states in the valence

Filled valence band ] .
band are filled and all states in

the conduction band are vacant. As the temperature is increased electrons are
thermally excited from the valence band to the conduction band, where they become
mobile.

000000 impurity semiconductor

00000 n-type semiconductor

Charges associated with
an arsenic impurity atom
in silicon. Arsenic has five
valence electrons, but
silicon has only four

valence electrons. Thus

four electrons on the
arsenic form tetrahedral covalent bonds similar to silicon, and the fifth electron is
available for conduction. The arsenic atom is called a donor because when ionized it
donates an electron to the conduction band.

00000 p-type semiconductor

Boron has only three valence
electrons; it can complete its
tetrahedral bonds only by

taking an electron from a Si-

Acceptor bound level

Si bond, leaving behind a

hole in the silicon valence

band. The positive hole is
then available for conduction.
The boron atom is called an acceptor because when ionized it accepts an electron from
the valence band. At 0 K the hole is bound: remember that holes float.

00000 p-njunction
godooboobooboooooooooonoooboooooooooooooooo
googooo
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