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Lesson 1 Atom, Molecule, Ion and Element

The term state of matter refers to the physical forms in which matter exists: solid, liquid and gas.
All substances in the world assume one of the three different states of matter. All matter, whether it is
a gas, a liquid or a solid, can all be composed of fundamental units, such as atom, molecule, ion
and element. These units are very helpful in understanding chemistry. This lesson will introduce the

student to the general knowledge of these particles.

1.1 Atom

All matter is composed of atoms, existing individually or in combination with each other. An
atom is an extremely small electrically-neutral particle. It is the smallest unit involved in the chemical
change of matter. Atoms can be treated as distinct particles because they behave as such chemically,
but atoms themselves are composed of even smaller subparts, including electron, proton and neutron.

The electron is a particle with a negative electrical charge and has a mass of 9. 107x10 * grams.
This mass is 1/1837 the mass of a hydrogen atom, and corresponds to 0.0005486 atomic mass unit
(AMU). One atomic mass unit has a mass of 1.660x 107> grams. Although the actual electrical
charge of an electron is known, its value is too cumbersome for practical use. The electron, therefore
has been assigned a relative electrical charge of — 1. The size of an electron has not been determined
exactly, but its diameter is believed to be less than 107" centimeters.

The proton is a particle with a positive electrical charge. It has an actual mass of 1.672x107*
grams, 1837 times the mass of an electron. This mass is slightly less than that of a hydrogen atom.”
On the relative scale, the proton has a mass of approximately one atomic mass unit. The electrical
charge of the proton is equal in magnitude but opposite to that of the electron; hence, the relative
charge of a proton is +1.

The other major component of the atom, the neutron, is a neutral particle, with neither a positive
nor a negative electrical charge. The mass of a neutron, 1. 675x107* grams, although slightly greater
than that of a proton, is practically equal to the mass of a proton. The assigned relative mass of the
neutron is approximately one atomic mass unit.

An atom is composed of a positively-charged nucleus orbited by negatively-charged electrons. The
nucleus is the core of an atom, containing two kinds of particles, the neutron and proton. Because the
neutron is electrically neutral and proton is electrically positive, the nucleus has a positive charge.
Both the neutron and proton give the nucleus its mass. The particles that orbit the nucleus are elec-
trons. Much lighter, negatively-charged electrons occupy a relatively large space around the nucleus.

The charge of one electron is equal in magnitude to that of one proton. The number of electrons orbit-

1
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ing a nucleus is exactly equal to that of protons contained in the nucleus. The equal and opposite
charge cancel each other, and the atom as a whole is neutral. The electrons are bound in the atom by
electrostatic attraction. The atom remains neutral unless some external force causes a change in the
number of electrons.® If an atom is expanded to the size of one of our largest football stadium, the nu-
cleus would be about the size of a marble at the center.

The number of protons in the nucleus plays such an important role in identifying the atom that it
is given a special name, the atomic number. The symbol Z is often used for atomic number (or num-
ber of protons). Hydrogen has an atomic number of 1 and chlorine has an atomic number of 17. The
atomic number is also equal to the number of electrons.

The atomic mass number is equal to the sum of the total number of protons (Z) and the total
number of neutrons (/N) as shown in equation, where A stands for the atomic mass number. Not all
atoms of the same element have the same atomic mass number, although the Z is the same, the N and
thus the A are different.”’ Atoms of the same element with different atomic mass numbers are called

isotopes.

A=Z+N
1.2 Molecule

When two or more atoms combine chemically, they form a molecule. The molecule is the small-
est particle of a pure substance that has the composition and properties of that substance and is cap-
able of independent existence. A molecule may contain atoms of the same element or atoms of two or
more elements joined in a fixed ratio. Like atoms, molecules are electrically neutral. The hydrogen
molecule, symbolized as H,, is called a diatomic molecule because it contains only two atoms. Other
elements that normally exist as diatomic molecules are nitrogen (N,) and oxygen (0,), as well as
the Group VIA elements:fluorine (F,) , chlorine (Cl,) , bromine ( Br,) and iodine (I,). Of course,
a diatomic molecule can contain atoms of different elements. Examples are hydrogen chloride ( HCI)
and carbon monoxide ( CO). The vast majority of molecules contain more than two atoms. They can be
atoms of the same element, as in ozone (0O, ), which is made up of three atoms of oxygen, or they
can be combinations of two or more different elements. Molecules containing more than two atoms are
called polyatomic molecules, such as water (H,0) and ammonia (NH,).

The weight of a molecule, the molecular weight, is the total mass of the individual atoms. There-
fore, it is fairly simple to calculate the mass of any molecule if its formula is known. Note that the

terms mass and weight are used interchangeably in chemistry.
1.3 Ion

The atom as a whole is neutral, because the number of negative charges equals to that of positive

charges. If an electrical imbalance is created in the atom by the removal or addition of one or more
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electrons, the result is an ion. Thus, an ion is an electrically charged atom (or molecule). It can be
either positive or negative, depending on whether it could contain fewer electrons or more electrons
than the neutral atom (or molecule) does.” When an atom gains one or more electrons, it acquires a
negative charge and is known as an anion; when an atom loses one or more electrons, it acquires a
positive charge and is known as a cation. For example, the hydrogen ion, H", is a cation and has one

free proton, and the fluoride ion, F~, contains an extra electron and is an anion.

1.4 Element

Atoms that have the same number of protons are grouped together and constitute a chemical ele-
ment. All known substances on earth are formed from a sort of the periodic table consisting of 111
known elements. An element is a fundamental or elementary substance that can not be broken down by
chemical means. Elements are the basic building blocks of all substances.

In this section, we will introduce these important elements, including H, C, N, O and S.
1.4.1 Hydrogen

Hydrogen, the lightest of the elements, possesses interesting properties in its own right, and
forms important compounds with nearly all of the other elements in a variety of bonding situations. The
element exists as the diatomic gas, H,, which forms the simplest example of a molecular covalent
bond. Hydrogen exists in nature in three isotopic forms. The most abundant, with nuclear mass one, is
commonly referred to as hydrogen (symbol H). The isotope of mass two is called deuterium ( symbol
D), and that of mass three is called tritium (symbol T).

1.4.2 Carbon

Carbon exists in two crystalline structures—diamond and graphite. The diamond structure, based
on tetrahedral bonding of hybridized sp’ orbital , is encountered among Group IVA elements. In fact,
graphite is so soft that it exists in the form of a microcrystal or merely as a powder. Typical of the
Group IVA diamond-type crystalline elements, it is a nonconductor and shows other nonmetallic prop-
erties.

1.4.3 Nitrogen

The element is the major constituent of the earth’s atmosphere. Nitrogen is found in inorganic ma-
terials in the form of nitrate (NO;~) compounds. It is widely and heavily distributed in plants and ani-
mals. The pure element is conveniently obtained by distillation of liquid air. Among the most important
considerations in nitrogen chemistry are the nitrogen cycles in plants, animals, and in the earth’s
crust. The nitrogen of the atmosphere is converted in various ways into nitrogen compounds, such as
NO, NO,. The dioxide is washed down by rain, and then enters into the plant cycle. Rain may also
contain ammonia, which enters the air as a result of decomposition of plant and animal material.
1.4.4 Oxygen

Oxygen is the most abundant element in the earth’s crust, and is second only to iron in abund-
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ance in the earth as a whole. In addition, it presents itself in the earth’s atmosphere as molecular
oxygen and to a less extent as O and O,. Oxygen is covalently bonded to hydrogen in water, which is
very abundant on the earth’s surface. It is also associated with a great many metals in the form of ox-
ides, such as corundum, Al,O,; hematite, Fe,0;. With many non-metals and metals, it forms oxy-
anions which are common in nature, such as sulfate, SO,”” ; phosphate, PO,” ; iodate, 10, ; chro-
mate, CrO,” . The industrial preparation of oxygen involves liquefaction of air and subsequent frac-
tional distillation.
1.4.5 Sulfur

Sulfur is a fairly abundant element in the earth’s crust, it is estimated to average a little over one
pound per ton. It exists mainly in the form of solid mineral sulfides. There are some metals which are
found in nature mainly as oxides, and others largely as sulfides. The sulfate ion, SO,> , is the second
most abundant anion in sea water. In addition, a number of solid sulfate minerals are known. Calcium
sulfate, the best known of these, is found as the hydrous salt, CaSO, - 2H,0. Hydrogen sulfide may
occur as a by product of the formation of petroleum. There is one exceptional petroleum gas field in
southern France which contains up to 18 percent hydrogen sulfide by volume. The hydrogen sulfide is
removed by absorption in a solvent under pressure, then recovered from solvent and catalytically de-

composed to yield sulfur. The operation produces about 4000 tons of sulfur per day.

New Words and Expressions

atom [ ‘@wtom] n. AT

molecule [ ‘molikju:l] n. 43T

electron [i'lektron] n. BT

proton [ ‘prouton] n. i

neutron [ njuitron] n. T

atomic [ 9 tomik] a. JEFH, BT RERY OB T 1
electrical [ i'lektrik(2)1] a. ML A7 XHLAY
nucleus [ ‘njutklios] n. JEEF#%

orbit [ ‘othit] n. BUE ;v ZE- - BT
hydrogen [ "haidradzon] n. &

isotope [ ‘aisoutoup] n. [Alf &

fluorine [ flu(:)aritn] n. 98

chlorine [ ‘klomritn]  n. 84

bromine [ 'broumiin] n. &

iodine [ "aiaditn] n. f, A

ozone [ ‘ouzoun] n. KA

cation [ 'keetaion] n. PHESF
4

diatomic [, daia tomik] a. RUF T, ~HH9

nuclear [ ‘njuiklia] a. & FH, JEFEM, PR

deuterium [ dju: tioriom |  n. i,

tritium [ ‘tritiom]  n. S CEBYEE TR )

crystalline [ 'kristolain]  a. 7K &)

hybridize [ "haibridaiz] v. (f#l) %422

nonmetallic [ "nonmi "telik] a E4JEM;n FEEE
)

decomposition [ ,ditkompa'zifon] n. SM# B

nitrate [ ‘naitreit] n. iEREEL YRR P

nitrogen [ mnaitrodzan] n. &

corundum [ ko 'random] n. NI E , &WIE>

hematite [ ‘hematait] n. 7REET"

sulfate [ "salfeit] n. Bk

phosphate [ 'fosfeit] n. BfREL

iodate [ ‘aiodeit] n. BUERER ; vt LARLAL B

chromate [ 'kroumeit] n. #Ei:
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liquefaction [ likwi feekfon] n. #fL sulfur [ 'sAlfa]  n. BE ;v AR B AL B
yield [jizld] v, P24, A2 fln. IOK, =8 symbol [ 'simbal] n. 5 ic% 1L
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Exercises

1. Calculate the molar mass for each of the following.

(1) H,0

(2) H,PO,

(3) MgCl,

2. Fill in the blanks with the given words.

element, atom, electron, isotope, neutron, proton

All matter is composed of tiny, indivisible particles called , which are neither created

nor destroyed in chemical reactions. An atom consists of a very dense central nucleus containing

and , with moving about the nucleus at a relatively large distance from
it. are positively charged, have no charge, and are negatively
charged. Atoms of the same with the same number of protons but different numbers of neu-

trons are called as

3. Translate the following sentence into English.

BB R R EEMN R YR TR, 2 F P AFRSTE R R —E
77 AR,

4. Translate the following into Chinese.

The basic postulates (n. fRi%,FEAJFZIE) of Dalton’s theory were as follows:

(1) Each element is composed of extremely small particles called atoms.

(2) All atoms of a given elements are identical.
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(3) Atoms of different elements have different properties (including different masses) .

(4) Atoms of an element are not changed into different types of atoms by chemical reactions. At-
oms are neither created nor destroyed in chemical reactions.

(5) Compounds are formed when atoms of more than one element combine.

(6) In a given compound, the relative number and kind of atoms are constant.
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Lesson 2 Acid, Base, Salt and pH

Substances that form ions when they are dissolved in water are called electrolytes, which fall into
three types: acids, bases, and salts.

The concept of acids and bases has been important in chemistry for a long time. Many acid-base
theories have been advanced over these years. While most of these are valid within narrow limits of ap-
plicability, they are not based upon a clear understanding of principles of chemical valence. Not until
the Lewis theory had been established could a satisfactory general theory of acid-base behavior be for-
mulated.” It is not surprising, therefore, the most useful acid-base theory is called Lewis theory.
Bronsted-Lowry theory was developed at about the same time as the Lewis theory. It is applicable to
water and water-like solvents, and is widely used. In addition, the theories in the conventional sense
are restricted to the aqueous solution, but they can be also used in some extent up to now, especially,
Arrhenius theory. Therefore, in the chapter, these three acid-base theories including Arrhenius

theory, Bronsted-Lowry theory and Lewis theory will be discussed.
2.1 Acid-base Theory

2.1.1 Arrhenius Theory

Acids are substances that dissociate in water to produce hydrions ( H"). An example of a
common acid is sulfuric acid, H,SO,. In solution, H,SO, dissociates to form hydrogen and sulfate
ions according to the following equation :

H,80, — 2H*+50,* (2-1)
acid

Additional examples of acids are vinegar, aspirin, and lemon juice. These substances share the
following common properties.

(1) Acid solutions taste sour (acid means "sour" in Latin). Lemons, oranges and other citrus
fruits owe their sour taste to the presence of citric acid; the taste of sour milk is due to the presence of
lactic acid.

(2) Acids react with many metals to form hydrogen gas. Reactions of this type were studied in
connection with the preparation of hydrogen.

2HCl+Mg —— MgCl,+H, 1 (2—2)
sl pigdal et sglk hydrogen. gas

(3) Acids turn litmus paper red. Litmus is a dye which has a red color in acid solution and a
blue color in basic solution; paper which'has been soaked in litmus is defined as litmus paper. Sub-

stances of this type, which enable us to determine whether a given solution is acid or base, are called
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