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Chemical Element: f£50%

1.1.1 Text

1. Elements and compounds

A kind of matter consisting of atoms that all have nuclei with the same electric
charge is called an element. For example, all of the atoms that contain nuclei with the
charge +e, each nucleus having one electron attached to it to neutralize its charge,
comprise the element hydrogen, and all of the atoms that contain nuclei with the charge
+92e comprise the element uranium.

An element is a substance that is composed of atoms of one element only. An
elementary substance is commonly called an element.

A compound is a substance that is composed of atoms of two or more different
elements. These atoms of two or more different elements must be present in a definite
numerical ratio, since compounds are defined as having a definite composition.

2. The names and symbols of the elements

The chemical symbols of the elements are used as abbreviations for their names.
These symbols are usually the initial letters of the names, plus another letter when
necessary. All but eleven of the elements are given a symbol corresponding to one or two
letters in the English name of the element (the first letter is always capitalized and the
second letter is never capitalized). One of these exceptions is tungsten, whose symbol (W)
is derived from the German name of the element, Wolfram. The other ten have symbols
derived from their Latin names. These are: stibium (Sb) for antimony, cuprum (Cu) for
copper, aurum (Au) for gold, ferrum (Fe) for iron, plumbum (Pb) for lead, hydrargyrum
(Hg) for mercury, kalium (K) for potassium, argentum (Ag) for silver, natrium (Na) for
sodium, and stannum (Sn) for tin. The system of chemical symbols was proposed by the
Swedish chemist Jons Jakob Berzelius(1779—1848) in 1881. The elements are also
shown in a special arrangement, the periodic table (Fig. 1.1).
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Chapter 1 Chemical Element: {b#7T& <5

A symbol is used to represent an atom of an element, as well as the element itself.
The symbol I represents the element iodine, and also may be used to mean the elementary
substance. However I, is the customary formula for the elementary substance, because it is
known that elementary iodine consists of molecules containing two atoms in the solid and
liquid states as well as in the gaseous state (except at very high temperature). In formulas
showing composition or molecular structure the numerical subscript of an element gives
the number of atoms of the element in the molecule.

1.1.2 New words

element nJLE comprise v, AL
consist of B eeee 2 AR composition n A,
atom nJiF abbreviation n4iE
nucleus n. (&) #% the periodic table JUR AR
electron nHF molecule nAr¥Hy

1.1.3 Company reading 1: Groups and subgroups in the
periodic table of the elements

—A proposal of modification in the nomenclature

Since not all authors agree on specifying which are A and B subgroups in the
periodic table of the elements, and since the letters A and B are arbitrary indications,
either explanatory periphrases or misunderstandings are inevitable.

We propose to eliminate letters A and B, and propose to indicate the subgroups by
letters referring directly to the electronic structure of atoms, that is by letters s, p, d and
according to the orbital block in which the subgroup is lying. For example, keeping in
mind that the first group includes alkaline metals (which belong to s-block) and the
transition metals copper, silver and gold (which belong to d-block), one can indicate
alkaline metals as subgroup I-s and the other three metals as subgroup [-d. Similar
considerations can be drawn for the other groups, so that the table can be complete as
reported in the Fig. 1.2.

According to our proposal, scandium, yttrium and lanthanum, which are transition
elements, belong to group II-d (Fig. 1.2); boron, aluminum, gallium, indium and thallium
belong to group Il-p; the lanthanide and actinide elements, in accordance with their
structure, belong to group [lI-f.

Hydrogen is known to have no fixed place in the periodic table. According to some
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Fig. 1.2 Subgroups classification diagram

properties, hydrogen is included in the first group though it is not an alkaline metal; but
based on other properties, it might be included among the halogens. That is why hydrogen
is said to occupy a place apart in the periodic system. Similar considerations can be drawn
for helium, which because of chemical properties is included among noble gases; but
considering its electronic structure (J=1/2) it could be included in group II, as a lighter
homologous to beryllium. According to our proposed new system, one can simply say that
hydrogen belongs to group [-s. Helium either may be considered as an element of group
I -s or assigned a place apart as a Vll-s element (the other noble gases form group Vil-p).
This proposal has been adopted as an experiment in a chemistry course for students
at the University of Milan, and it has met with student favor for didactic advantages and

easy scientific correlations.

114 Company reading 2: C, H and N analysis of organic
samples

The possibility mentioned above for the simultaneous determination of carbon
dioxide and water allows the determination of the carbon and hydrogen content in an
organic material by its complete combustion. In essence, the assembly of Fig. 1.3 is used
with two absorption tubes, one for water and the other for carbon dioxide. The
combustion tube contains a packing of oxidized copper wire, which is heated externally
and assures the complete oxidation of evolved gases. Dry oxygen is frequently employed
as the carrier gas to facilitate the combustion. To avoid the interference formed by other
gaseous substances, the exit end of the combustion tube contains various fillings. For
example, silver wool may be inserted to trap halogens and sulfur. Nitrogen in organic
samples, after Dumas, is determined as follows. The sample is mixed with copper(1l)
oxide and introduced into a tube that is already filled to about one half its length with this
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oxide. The tube is heated and combustion to water, carbon dioxide and nitrogen occurs.
The combustion products are swept by carbon dioxide as the carrier gas into a special gas
buret known as a nitrometer. This device is a graduated tube filled with concentrated
potassium hydroxide solution. This solution absorbs all the carbon dioxide and water but
not the nitrogen gas. The volume of nitrogen trapped above the solution is read and
related to the amount of nitrogen in the sample.

Boat with sample

[ —
Dessicant-filled
absorption tube

Combustion tube
[ -

Bubble ﬁ{
counter
==~

= ZaS
AN Burner
F: &
¥ Dessicant-filled
! U-tube
Concentrated §

sulfuric acid i

Fig. 1.3 Apparatus for the direct determination of water



Nomenclature of Inorganic Compounds :

TeHlnian

2.1.1 Text

To find the information about a particular substance, you must know its chemical
formula and name. The names and formulas of compounds are essential vocabulary in
chemistry. The naming of substances is called chemical nomenclature from the Latin
words “nomen” (name) and “calare” (to call).

There are now over 10 million known chemical substances. Naming them all would

be a hopelessly complicated task if each had a special name independent of all others.
Many important substances that have been known for a long time, such as water H,0O and

ammonia NH;, do have individual, traditional names. For most substances, however, we
rely upon a systematic set of rules that lead to an informative and unique name for each
substance, based on its composition.

The rules for chemical nomenclature are based on the division of substances into
different categories. The major division is between organic compounds and inorganic
ones. Organic compounds contain carbon, usually in combination with hydrogen, oxygen,
nitrogen or sulfur. All other compounds are called inorganic compounds. Early chemists
associated organic compounds with plants and animals, and they associated inorganic
compounds with the nonliving portion of our world. Although this distinction between
living and nonliving matter is no longer pertinent, the classification between organic and
inorganic compounds continues to be useful. In this section, we consider the basic rules
for naming inorganic compounds. Among inorganic compounds, we will consider three
categories of substances: ionic compounds, molecular compounds and acids.

With the discovery of thousands of new inorganic compounds, it has become
necessary to revise the traditional rules of nomenclature. An international committee has
recommended a set of rules for naming compounds, and these are now being adopted
throughout the world. Many of the older names are still used, however, and our ensuing
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discussion will include in many cases both the old and new, with emphasis on the latter.
One of the principal changes is that proposed by Albert Stock and now known as the
Stock System for the naming of compounds of metals (oxides, hydroxides and salts) in
which the metal may exhibit more than one oxidation state. In these cases, the oxidation
state of the metal is shown by a Roman numeral in parentheses immediately following the
English name of the metal which corresponds to its oxidation number. If the metal has
only one common oxidation number, no Roman numeral is used. Another important
change is in the naming of complex ions and coordination compounds. We will defer the
nomenclature of the latter until these compounds are discussed.

1. Naming ionic compounds: names for metal oxides, bases and salts

Recall that ionic compounds usually consist of chemical combinations of metals and
nonmetals. The metals form the positive ions and the nonmetals form the negative ions.
Let’s examine the naming of positive ions, then the naming of negative ones. After that,
we will consider how to put the names of the ions together to identify the complete ionic
compounds.

1) Positive ions (cations)

(1) Cations formed from metal atoms have the same name as the metal:

3+ 5 ]
aluminum ion

Na'  sodium ion, Zn*"  zinc ion, Al

Ions formed from a single atom are called monatomic ions.

(2) If a metal can form cations of differing charges, the positive charge is given by a
Roman numeral in parentheses following the name of the metal:

Fe’" iron(Il)ion, Fe  iron(MM)ion; Cu’ copper(I)ion, cu”* copper(1l)ion

Ions with different charges exhibit different properties, such as color.

Most of the metals that have variable charge are transition metals, elements that
occur in the block of elements from [IIB to IIB in the periodic table. The charges of these
ions are indicated by Roman numerals. The common metal ions that do not have variable
charges are the ions of group I A (Li’, Na', K', and Cs"), those of IIA Mg, ca”’, s,
and Ba2+), as well as AI'" (group IMA) and two transition-metal ions: Ag+ (group IB)and
Zn’' (group IIB). Charges are not shown explicitly when naming these ions. If there is any
doubt in your mind whether a metal forms more than one type of cation, indicate the charge
using Roman numerals. It is never wrong to do so, even though it may be unnecessary.

An older method still widely used for distinguishing between two differently charged
ions of a metal is to apply the ending -ous or -ic(Table 2.1). These endings represent the
lower and higher charged ions, respectively. They are added to the root of the element’s
Latin name:
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Fe** ferrous ion, Fe'" ferric ion; Cu cuprous ion, cu” cupric ion
Although we will not use these older names in this text, you might encounter them
elsewhere.
(3) Cations formed from nonmetal atoms have names that end in -ium:
NH: ammonium ion H30‘L hydronium ion
These two ions are the only ions of this kind that we will encounter frequently in the
text. They are both polyatomic (composed of many atoms). The vast majority of cations
are monatomic metal ions. Table 2.1 are names of some metal oxides, bases and salts.

Table 2.1 Names of some metal oxides, bases and salts

Formula Name
FeO Iron (1) oxide Ferrous oxide
Fe,0, Iron (IIl) oxide Ferric oxide
Sn(OH), Tin (I ) hydroxide Stannous hydroxide
Sn(OH), Tin (IV) hydroxide Stannic hydroxide
Hg,SO, Mercury ( [ ) sulphate Mercurous sulphate
HgSO, Mercury ( 1) sulphate Mercuric sulphate
NaClO Sodium hypochlorite =
K,Cr,0, Potassium dichromate =
Cu,(AsO,), Copper ( 1) arsenate Cupric arsenate
Cr(OAc), Chromium (1IT) acetate Chromic acetate

The names and formulas of some of the most common cations are shown in Table
2.2. The ions listed on the left are the monatomic ions that do not have variable charges.
Those listed on the right are either polyatomic cations or cations with variable charges.
The Hg§+ ion is unusual because this metal ion is not monatomic. It is called the mercury
( I) ion because it can be thought of as two Hg+ ions fused together.

Table 2.2 Common cations

Cations without variable charges Polyatomic cations or cations with variable charges
il Formula Name Formula Name
H Hydrogen ion NH, Ammonium ion
Li" Lithium ion Cu Copper ( I ) or cuprous ion
- Na' Sodium ion
K Potassium ion
Cs’ Cesium ion
Ag Silver ion
Mg™" Magnesium ion Co™ Cobalt (I) or cobaltous ion
s ca? Calcium ion o Copper (1) or cupric ion




