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evelopment

Objectives:

After finishing this module, you are able to:
¢« Name chemicals properly
= Find useful information of chemicals quickly by using chemical handbooks
= Confirm useful information in the patent
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Warming-up

What Are Substances Composed of?

- The theory of four elements

ok dry As recently as a few thousand years ago, western
scientists considered the whole earth to be made of 4
AIR parTy  clements: Earth, Air, Fire, and Water. Air was the

underlined element: this single substance made up
wet cold everything in the world.

WATER

Discovery of oxygen

In 1774, an English cleric named Joseph
Priestley observed an interesting phenomenon:
when mercuric tox is heated to certain
temperature, a colorless gas (later renamed
oxygen by Antoine Lavoisier) and a silvery
liquid metal were produced.

Atomic theory

It was John Dalton, in the early

ELEMENTS . .
- - ] 1800s, who determined that each chemical
(® Hydrogen 1 © copper 56 . element was composed of a unique type
D Azte 5 © Lead 90 of atom, and that atoms differed by
ggi;b;"n (7’ g Zi:;;r :zg their masses. He devised a system of
@ Phosphorus 9 ® Platina 190 chemical symbols and, having ascertained
€ Sulfur 13 © Mercury 167 . the relative weights of atoms, arranged

s | them into a table.

Atoms combine into molecules

Italian chemist Amedeo Avogadro found that the atoms
in elements were combined to form molecules. Avogadro
proposed that equal volumes of gases under equal conditions
of temperature and pressure contain equal numbers of
molecules.

T &L



Text A Elements and Compounds

pure substances that cannot be
decomposed into simpler substances by ordinary
chemical changes. At present there are 109 known
elements. Some common elements that are familiar to
you are carbon, oxygen, aluminum, iron, copper,
nitrogen, and gold.

About 85% of the elements can be found in
nature, usually combined with other elements in
minerals and vegetable matter or in substances like
water and carbon dioxide. Copper, silver, gold,
and about 20 other elements can be found in highly
pure forms. Sixteen elements are not found in
nature; they have been produced in generally small
amounts in nuclear explosions and nuclear research.
They are man-made elements.

Pure substances composed of two or more elements
are called compounds. Because they contain two or more
elements, compounds, unlike elements, are capable of
being decomposed into simpler substances by chemical
changes. The ultimate chemical decomposition of
compounds produces the elements from which they are
made.

The compound carbon monoxide (CO) is
composed of carbon and oxygen in the ratio of one
atom of carbon to one atom of oxygen. Hydrogen
chloride (HCl) contains a ratio of one atom of
hydrogen to one atom of chlorine. Compounds may
contain more than one atom of the same element.
Methane ( “natural gas” CHs) is composed of carbon
and hydrogen in a ratio of one carbon atom to four
hydrogen atoms. ordinary table sugar (sucrose,
C12H22011) contains a ratio of 12 atoms of carbon
to 22 atoms of hydrogen to 11 atoms of oxygen. These
atoms are held together in the compound by chemical
bonds.

There are over three million known compounds,
with no end in sight as to the number that can and
will be prepared in the future. Each compound is
unique and has characteristic physical and chemical
properties. Let us consider

Elements are

in some detail two
compounds——water and mercuric oxide. Water is a

Words and expressions

element [‘eloament] n. TE
decompose [ dikem'poz] v. 4rfi#t
familiar [fa'milja-] adj. BEKH
oxygen ['aksidzen] n. &KX
aluminum [@luminem] n. £5
copper ['kapa] n. 4

nitrogen ['nartredzen] n. &
combine [ kem'bain] v. &4

small amounts /> &
nuclear explosion #% & ¥E

ultimate [‘Altemat] adj. HZ&X K

monoxide [ ma'noksaid ] n. — &

]

ratio ['ref10] n. lLF

atom ['zetom] n. J&F
chloride ['kloraid] n. &4L%
chlorine ['klorin] n. &

sucrose [ 'sjukros] n. BE¥H

chemical bond {k 2% %t

in sight &% 1L

unique [ju'nik] adj. H%FH
characteristic [ keerakta'ristik]
adj. LAY Y

property n. P i

in detail T 40 H

Product Development
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colorless, odorless, tasteless liquid that can be
changed to a solid, ice, at 0Cand to a gas, steam solid ['salid] n. @E{&k
at 100C. It is composed of two atoms of hydrogen steam [stim] n. &K
and one atom of oxygen per molecule, which represent [ reprizent] v. {0
represents 11. 2 percent hydrogen and 88. 8 percent
oxygen by mass. Water reacts chemically with
sodium to produce hydrogen and sodium hydroxide, sodium ['sodieam] n. 84
with lime to produce calcium hydroxide, and with lime [laim] n. 7K
sulfur trioxide to produce sulfuric acid. No other
compound has all these exact physical and chemical
properties, they are characteristics of water alone.
Mercuric oxide is a dense, orange-red powder dense [dens] adj. % & KK
composed of a ratio of one atom of mercury to one
atom of oxygen. Its composition by mass is 92.6
percent mercury and 7. 4 percent oxygen. When it is
heated to temperatures greater than 360C, a
colorless gas, oxygen, and a silvery liquid metal,
mercury, are produced. Here again are specific
physical and chemical properties belonging to
mercuric oxide and to no other substance. Thus, a
compound may be identified and distinguished from identify [ar'dentifar] vt. %%
all other compounds by its characteristic properties. distinguish [dr'stingwif] v . %5

Comprehension

Choose the best answer according to the text.

1. Water is composed of two atoms of hydrogen and one atom of oxygen per molecule,
which represents 11. 2 percent hydrogen and 88. 8 percent oxygen by ( ).

A. mass B. volume C. mole D. molecule
2. Compounds may contain more than one atom of the same element. The following
selections all comply with this sentence except ( i
A. CHy B. HCI C. Ci2H2:0n D. CO;
3. Mercuric oxide is a dense, ( ) powder composed of a ratio of one atom of
mercury to one atom of oxygen.
A. green B. colorless C. orange-red D. black
4. Which statement is not true according to the text? ( )

A. Compound can be decomposed into simpler substances by chemical changes.
B. Gold can be found in highly pure forms in nature because it is inert.

C. Water reacts chemically with lime to produce calcium hydroxide and hydrogen gas.
D. The formula of mercuric oxide is HgO.

4 T ElEE



Active words

substance produce
n[¥] Y LR v. 7= A
combine n. L=, o
v. %8 bond
LA
matter v ;;il; i
n Wik, FE t ’
form react
v. R v. R
n. JERX property
nature n. YR M=
n. H8; H&E
Useful expressions
be composed of M -+~ 4 i, ratio of -+ to-- LB Ky -ev -
be decomposed into 4} i, percent by mass i & [ 4>
A reacts with B to produce C and D A 5 B in sight ZEH, f£#; FHW
RIARL C #l D

Fill in each blank with a given word or expression in their right form.

react compose bond combine property solid

1. Tannin is a plant polyphenol. It could protein in solution to form sediment.
2. England, Scotland and Wales the island of Great Britain.

3. An acid can with a base to form a salt.

4. One of red phosphorous is flammable.

5. Matter exists in three states: » liquid and gas.

6. These amino acids can react with each other to form a different kind of chemical

The Elements

Tom Lehrer is an American singer-songwriter, satirist, pianist, and mathematician.

The Elements is one of his most famous creations, which consists of little more than
the elements of the periodic table.

Listen to the song The Elements, and try to write down the lyrics.

Product Development 2 5



Discuss with your group members about rules of word-formation of following elements.

chlorine oxygen sodium aluminum
carbon sulfur fluorine nitrogen
gold helium hydrogen calcium

Match the given words or phrases with the right symbol in the periodic table of the elements.

Atomic weight Metal Non-metal Man-made element

Atomic number Rare gases Element symbol Arrangement of extra
nuclear electrons

103

—1—92 Uy— Lr

5f*6d'7s? +— i 3
—1—238.0 — " s

I 3Kk



Text B Systematic Nomenclature of Binary Compounds

(1) Binary compounds in which the electro-
positive element has a fixed oxidation state. The
chemical name is composed of the name of the
metal, which is written first, followed by the name
of the nonmetal, which has been modified to an
identifying stem to which is added the suffix-ide.
For example, sodium chloride, NaCl is composed of
one atom each of sodium and chlorine. The compound
name is sodium chloride.

Elements: sodium (metal) + chlorine (nonmetal)

Name of compound: sodium chloride

Stems of some common nonmetals are shown in
the following table 1. 1.

Table 1.1 Stems of some common nonmetals

Symbol Element Stem Binary name endings
Cl Chlorine Chlor Chloride
Hydrogen Hydr hydride
Nitrogen Nitr nitride
Oxygen Ox oxide

(2) Binary compounds containing metals of variable
oxidation numbers and nonmetals. Two systems are
commonly used for compounds in this category. The
official system, designated by the International
Union of Pure and Applied Chemistry (IUPAC), is
known as the Stock system. In the Stock System,
when a compound contains a metal that can have
more than one oxidation number, the oxidation
number of the metal in the compound is designated
by a Roman numeral in parentheses [e.g. (11) ]
written immediately after the name of the metal.
The nonmetal is treated in the same manner as in
the previous case.

Examples:

FeCl; Iron (ID chloride (Fe?*)
FeClz Iron (III) chloride (Fe**)
CuCl Copper (I) chloride (Cu™)
CuCl; Copper (II) chloride (Cu?*)

In classical nomenclature, when the metallic

Words and expressions

binary ['barneri] adj. —JtHy

modify ['madifar] v. &k

stem [stem] n. A+
symbol ['stmbl] n. 55

variable ['verrabl] adj. AT AR
oxidation numbers E LM &
category [ 'keetagori] n. fi2
designate ['dezignet] v. f8 &
TUPAC [ B B3 0 B AL 22 BB 2

parentheses [pa'renBasiz] n.

parenthesis I EHUEX BIE 5

manner [ 'meena ] n. H R,

Product Development 7



ion has only two oxidation numbers, the name of
the metal is modified with the suffixes-ous and-ic to
distinguish between the two. The lower oxidation
state is given the-ous ending and the higher one the-

ic ending.
FeCl; ferrous chloride (Fe?*)
FeCl; ferric chloride (Fe3*)
CuCl Cuprous chloride (Cu*)
CuCl; Cupric chloride (Cu?*)

(3) Binary compounds contain two nonmetals.
The most electropositive element is named first.
Between two nonmetals, the element that occurs
earlier in the following sequence is written and
named first in the formula;: B, Si, C, P, N, S,
I, Br, Cl, O, F. To each element is attached a
Latin or Greek prefix indicating the number of
atoms of that element in the molecule. The second
clement still retains the modified binary ending. The
prefix mono is generally omitted except when needed to
distinguish between two or more compounds. Common
prefixes and their numerical equivalences are the
following.

mono=1 di=2 tri=3 tetra=4 penta=5

hexa=6 hepta=7 octa=8 nona=9 deca=10

Examples:

CO carbon monoxide

CO; carbon dioxide

PCl3; phosphorus trichloride

PCls phosphorus pentachloride

(4) Exceptions using-ide endings. Three notable
exceptions using the-ide ending are hydroxides (OH™ ),
cyanides (CN~), and ammonium (NH; ) compounds.

NH,I Ammonium iodide
Ca (OH); Calcium hydroxide
KCN Potassium cyanide

(5) Acids derive from binary compounds. Certain
binary hydrogen compounds, when dissolved in water,
form solutions that have acid properties. Because of this
property, these compounds are given acid names in
addition to their regular-ide names. However, not all
binary hydrogen compounds are acids. To express the
formula of a binary acid, it is customary to write the
symbol of hydrogen first, followed by the symbol
of the second element (e. g. HCI, HBr, H:S).

To name a binary acid, place the prefix hydro-
in front of, and the letter-ic after the stem of the

8 | T HWHE

suffix ['safiks] n. 54

formula [‘formjele] n. 4+ F3X
attach [o'teet[] v. Fffim
prefix ['prifiks] n. A4

retain [ri'ten] v. £ 8§
omit [o'mit] v. &%

equivalence [rkwivalens] n. %

derive [di'raiv] v. JEF
dissolve [dr'zalv] v. % f#
solution [salufen] n.

customary [kastemeri] adj. J{##



nonmetal. Then add the word “acid”.
Examples: HCI Hydrochloric acid
H:S Hydrosulfuric acid

Choose the best answer according to the text.

1. According to the text, which compound owns multiple? names? ( )
A. CO; B. HCI C. NaCl D. KCN
2. Which one belongs to binary compounds only containing two nonmetals? ( )
A. CO; B.Ca (OH): C. NaCl D. KCN
3. Two systems are commonly used for binary compounds containing metals of variable
oxidation numbers and nonmetals. They are ( ).
A. official system and Stock system
B. official system and classical nomenclature system
C. official system and TUPAC
D. IUPAC and classical nomenclature system
4. Which statement is not true according to the text? ( )
A. H:S dissolved in water will form solutions that have acid properties.
B. HCI is named as hydrochloric acid or hydrogen chloride.
C. CO is named as carbon oxide because the prefix mono is generally omitted.
D. Ferric chloride and iron (III) chloride are the same chemical.

Match the formulae with their equivalents

1. SO3 A. sodium hydroxide
2. CCly B. carbon tetrachloride
3. NH4Cl C. hydrogen sulfide

4. NaOH D. ammonium chloride
5. HzS E. sulfur trioxide

6. CO F. carbon monoxide

Write the systematic nomenclature of the following chemicals.

H» KOH

Ca HCIl

CcO SO,

NaCl PCl;

Fe3 ™" PCls

Fe?* Ca(OH):

Active words

variable n [#] &
adj. AT 75 ()

Product Development = 9



formula exception

n AX; 4FK; Bh n. #i5h
attach express
v. fiH/R . B vt. Fik
retain n. R, g
v. PR FF dissolve

vt. %ﬁi mﬁv ﬁ%! iﬁﬁ

omit
vt. B B K O
Useful expressions

consist of FH-4H; H--HWK; BFE
be known as #HA; BHIAAE

derive from RIET; kT
in addition to & 7T

Fill in each blank with a given word or expression in their right form.

in addition to consist of variable be known as dissolve express

1. Solubility is the degree to which a substance dissolves in a solvent to make a solution
(usually as grams of solute per liter of solvent).

2. Warm the sugar slightly first to make it quicker.

3.Heisof a mood; he never finishes what he starts.

4. Mercury is the metal which is liquid at room temperature and is better
quicksilver.

B Sinopec, 37 other companies have also been punished for water
pollution.

6. The atmosphere more than 70% of nitrogen.

Work in groups

Discuss with your group members about nomenclature of following organic substances
and find out the common suffixes and prefixes.

Formula System nomenclature Formula System nomenclature
CHs methane CHs— methyl
C,Hs ethane CH3CH;— ethyl
C3Hs propane CH3CH2CHz— propyl
CsHig butane CH:;O0H methanol
CsHiz pentane CH3(CH)3sCHz— pentyl
CeHyy hexane CH; —CH; ethylene
C7His heptane CH3;CH —CH: propene
CiHis octane CH3CH2CH2CH=CH; 1-pentene
CyHzo nonane HC=CH ethyne
CioHa2 decane CH3;C=CH propyne

10 HT%uKE



Write the nomenclature of the following chemicals.

CH,

CH3CH;CH:CH3

C2Hs OH

Ces Hs

" Text C 'Prop‘erftieé'oi"AQerus Ammonia

Ammonia is an important raw material for
chemical industry and has a wide use in various
industries. Therefore, the properties of ammonia
are of importance.

Section 1 Physical and Chemical Properties

Appearance and Characters: Colorless liquid.

Melting Point (C). —77.7

Relative Density (1 for water): 0.82/—-79C

Boiling Point (C): —33.5

Relative Vapor Density (1 for air): 0.6

Saturated Vapor Pressure (kPa): 506.42/4.7C

Combustion heat (kJ/mol): No data available.

Critical temperature (C): 132.5

Critical pressure (MPa): 11.40

Logarithmic Value of Octanol/Water Distribution
Coefficient: No data available.

Flash Point ('C): No data available.

Ignition Point ('C): 651

Upper Limit of Explosion, % (V/V). 27.4

Lower Limit of Explosion, % (V/V): 15.7

Solubility: The product dissolves sodium compound,
potassium compound, sulfur compound and phosphorus
compound, inorganic chloride, bromide, sulfonated
bodies, cyanide, nitrate, nitrite, organic amine
compound, phenol, alcohol and aldehyde, etc. Main
Applications: The product is mainly used to produce
fertilizer, and can be used as fertilizer directly. In
industry it is mainly used to produce dynamite,
various chemical fibers and plastics. They can be
used as refrigerant as well. It is widely used in wood
paper pulp production, metallurgy, oil refining,
rubber, leather manufacture and medicine, etc.

Section 2 Stability and Reactivity

Stability: Stable at ambient temperature.

Words and expressions

aqueous [ 'ekwras] adj. /K
ammonia [@'monia] n. [Fofk] &

vapor [veipe] n. &KX

saturate ['seet[orrt] vt. ff{flF1
combustion [kembastfan] n. #%E
critical ['kritikl] adj. I 5 #
logarithmic [ loga'ridmik | adj. X}
B

distribution coefficient [#14t] 4
it &

ignition [1g'nifan] n. #h%e
explosion [1k'splozen] n. 8L
solubility [,salje'bileti] n. #f#
potassium [ pa'teesiam] n. £
phosphorus [‘fasferes] n. B
cyanide ['sara, naid] n. § L%
amine [a'min] n. [Hfk] %
phenol [finol] n. # B}

aldehyde ['zlde, haid] n. i
fertilizer [ 'fstalaiza~] n. fEX}
dynamite ['daina'mart] n. ¥E%4
fiber [‘faitba-] n. &4

refrigerant [ rifridzerant] n. ¥ 5
pulp [palp] n. 45%

metallurgy ['metalad3i] n. 164
stability [sta'bilati] n. &

Product Development 11



