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Warming Up

In 1869, Russian chemist Dimitri Mendeleev started the development of the
elements, arranging chemical elements by atomic mass. He :
predicted the discovery of other elements, and left spaces open
in his periodic table for them.

“As long as chemistry is studied, there will be a periodic
table. And even if someday we communicate with another part
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of the universe, we can be sure that one thing that both cultures will have in
common is an ordered system of the elements that will be instantly recognizable by
both intelligent life forms.”
J. Emsley, The Elements

Oral work

1. Discuss in groups of four and then share in the whole class: how can the periodic
table help us quickly determine electron configurations and quaritum numbers?

2. Tell your friends at least one example of using the periodic table to
predict certain characteristics of elements.

Text 1 The Periodic Table and Periodic Properties

The Anatomy of the Periodic Table

As you are probably well aware, in the i)eriodjc table(Fig. 1.1), elements are
arranged in order of increasing atomic number. The 18 vertical columns of the table
are called groups or families, while the seven horizontal rows are called periods and
correspond to the seven principal quantum energy levels, n =1 through n =7.

On the right side of the periodic table is a dividing line resembling a
staircase. To the left of the staircase lie the metals, and to the right of the
staircase lie the nonmetals. Many of the elements that touch the staircase are
called metalloids, and these exhibit are both metallic and nonmetallic properties.

Group 1 2 3 4 & 8 r 8 & 10 kil 12 13 4 % 6
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Now that you're familiar with the different groupings of the periodic table,
it’s time to talk about the ways we can use the periodic table to predict certain
characteristics of elements.

Atomic Radius

Since in an atom there is no clear boundary beyond which the electron never
strays, the way atomic radius is measured by calculating the distance between the two
nuclei of atoms when they are involved in a chemical bond. If the two bonded atoms
are of the same element, you can divide the distance by 2 to get the atom’s radius.
Atomic radii decrease moving across a period from left to right. But why? It seems as
though the more protons you add, the more space the atom should take up. But this is
not the case. The reason for this lies in the basic concept that opposite charges attract
each other and like charges repel each other. As you increase the number of protons in
the nucleus of the atom, you increase the effective nuclear charge of the atom (Z),
and the nucleus pulls more strongly on the entire electron cloud. This makes the
atomic radius decrease in size. The second thing you'll need to know is that atomic
radii increase moving down a group or family. This is easier to understand if you refer
to the Bohr model. As you move down the table, the value of % increases as we add
another shell. Remember that the principal quantum number, 7, determines the size
of the atom. As we move down a family, the attractive force of the nucleus dissipates
as the electrons spend more time farther from the nucleus.

lonization Energy (IE)

The ionization energy of an atom is the energy required to remove an
electron from the atom in the gas phase. Although removing the first electron
from an atom requires energy, the removal of each subsequent electron requires
even more energy. This means that the second IE is usually greater than the
first one, the third IE is greater than the second one, and so forth. The reason
why it becomes more difficult to remove additional electrons is that they're
closer to the nucleus and thus held more strongly by the positive charge of the
protons.

Ionization energies differ significantly, depending on the shell from which
the electron is taken. For instance, it takes less energy to remove a p electron
than an s electron, even less energy to extract a d electron, and the least
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energy to extract an f electron. As you can probably guess, this is because s
electrons are held closer to the nucleus, while f electrons are far from the
nucleus and less tightly held. You'll need to remember two important facts about
ionization energy for the test. The first is that ionization energy increases as we
move across a period. |

The reason for this as is the case with periodic trends in atomic radii, is that as
the nucleus becomes more positive, the effective nuclear charge increases its pull on
the electrons and it becomes more difficult to remove an electron.

The second thing you’ll need to remember is that ionization energy decreases as
you move down a group or a family. The increased distance between electrons and the
nucleus and increased shielding by a full principal energy level means that it requires
less energy to remove an electron. Shielding occurs when the inner electrons in an
atom shield the outer electrons from the full charge of the nucleus. Here are the
values for the first ionization energies for some elements (Fig. 1.2).

VA vina

IITA IVA

Fig. 1.2

Electron Affinity

An atom’s electron affinity is the amount of energy released when an
electron is added to the atom in its gaseous state—when an electron is added to
an atom, the atom forms a negative ion. Most often, energy is released as an
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electron is added to an atom, and the greater the attraction between the atom
and the electron added, the more negative the atom'’s electron affinity.

Electronegativity

Electronegativity is a measurement of the attraction an atom has for electrons
when it is involved in a chemical bond. Elements that have high ionization energy and
high electron affinity will also have high electronegativity since their nuclei
strongly attract electrons. Electronegativity increases from left to right as we
move across a period and decreases as we move down any group or family (Fig. 1.3.

By now, these trends should make sense. You know that ionization energies
tend to decrease with increasing atomic number in a group, although there isn't a
significant change in electron affinity so it makes sense that atoms’ attraction for
electrons in a bond would also increase as their Z.; increased. We will discuss
the concept of electronegativity further in the next section, when we discuss
chemical bonding. Here's a summary of the trends we discussed in this section.

Growp 1 2 3 B 3 6 7 ] 9 0 " 12 3 " 1§ ® 17

1 Decreasing atomic radius
Increasing ionization energy
2 Increasing electronegativity
Constant
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Fig. 1.3
Vocabulary
transition metals TEILE effective nuclear charge A HBH
rare earth elements F+ICE cation /kestaion/ PFHET
alkali metals B4 RE anion/'senaion/ P F
alkaline earth metals 1+ 4 &E ionization energy (IE) HL,BIRE
atomic radius JEF¥E shielding/ fi:ldin/ HFBE#K
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electron affinity H-TEff proton/'prouton/ it F
electronegativity/ ilektraunegativiti/ Hfif% | effective nuclear charge BB (Z4)
quantum/kwontam/ B Bohr Model I /REIR

energy levels HBEZ%

Understanding

Make a distinction or try to answer the following questions.

1. Which ion is larger, F~ or 02™ 7

2. Which of the following elements has the highest ionization energy. K,Ca,Ga, As
or Se?

3. Why do electron affinities not change very much as you go down a group?

4. The concept that opposite charges attracts each other and like charges repels each
other is true in chemistry, but is it still true in real life? Discuss with your partners,
providing the reasons and examples.

Vocabulary Learning

I . Word Derivation: choosing the right form of the words in the brackets to
fill in the blanks.
1. After finishing this course, students should have a good understanding of human
(anatomy) as well as the proportions and mechanics of living things.

2. There’s little (resemble) between the twins.
3. His (familiar) with Chinese language and culture surprised me.
4. When the electrons fly away from the hydrogen (nucleus) , they are

attracted towards the oxygen atoms.

5. In many senses, nuclear energy is clean. It does not produce (gas)
emissions such as greenhouse gases, which are harmful either to the population and to the
environment.

I . Word Choice: using the words in the following box to fill in the
blanks, changing the form of the words if necessary.

stray involve in take up effective refer to dissipate affinity
make sense correspond to boundary familiar predict

1. “If we leave them alone and do not hold any celebration, their minds might
and be taken in by doomsday soothsayers and Y2K nuts. ”
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2. Since they’ ve got to pay his bill. They decided to a collection and
hold a bake sale.

3. People often the signs and to the influence they are supposed to have on
somebody’s personality and fate.

4. The government has taken measures to keep prices down.

5. She felt an with all who suffered; their pains were her pains.

. Sentence Completion: study the following models and use them to
make new sentences.

Example A The more she called her husband a wimp, ...

The more she called her husband a wimp, the more timid he became.

1. The more detailed the impression, ...

2. The more conservative your field is, ...

3. But to get along with children, the more strict you are, ...

4. The more you rich, ...

5. The sooner you start, ...

Example B You are a college student; you should learn to be independent of
your parents’ help.

Now that you are a college student , you should learn to be independent of your
parents’ help.

1. I've paid the tax demand and the children's school fees. I’ll be head-over-heels in
debt for the next six months.

2. She has a job in France. She can gratify her desire to see Europe.

3. Prices are rising so fast. All my money is draining away.

4. I am free. I can enjoy music for a while.

5. She is much more mobile. She has a car.

IV. Prefix Learning: “electro” as a useful prefix, means “involving
electricity”. For example “electromotive” & 31 ]; “electoculture” B Es.
Now talking with your partners and trying to find the meaning of the following
words.

1. electrochemistry 2. electromagnet(ic)

3. electroplate 4. electrode

5. electron 6. electrolysis
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Text 2 Borates in Industrial Use

Boron finds use in a wide range of industrial applications, the vast majority
of which involve boron-oxygen compounds. This class exhibits a rich structural
chemistry, featuring both crystalline and non-crystalline solids of industrial
importance, and complex solution chemistry. The full extent of the role of
boron as an essential element in fundamental life processes has only become
clear during the past decade. The emerging biological roles of boron are
relevant to both the commercial and environmental aspects of boron science.
Although boron-oxygen chemistry is diverse and complex, it is ultimately based
on the electrophilic character of trivalent boron. This review explores the
chemistry of boron as it relates to its large-scale technological roles.

Although boron has a relatively low natural abundance (ca. 0.001% of the
earth’s crust), it is widely dispersed in the environment occurring in rocks,
soils and natural waters at low but significant levels. Owing to boron’s unique
properties;, it is more susceptible to fractionation by geological processes and
can become concentrated to a greater extent than other elements of similar
natural abundance. With the exception of a few rare fluoride minerals, boron
always occurs on the earth in combination with oxygen, either in crystalline
borate minerals or in water, primarily in the form of naturally occurring boric
acid, B(OH);. Boron is found in sea water at an average level of 4.6 ppm. This
level is too low to permit economical extraction of industrial quantities. Thus,
commercial supplies of boron are derived from mineral deposits, which are
found as alkali or alkaline earthmetal borates and borosilicates, with sodium and
calcium borates being the most important. Although borate minerals are numerous,
large commercially exploitable borate ore deposits are rare. However, when
such deposits occur they can be vast. Owing to the relatively high water solubilities of
borate minerals, these deposits are always found in arid regions. Most borates
are produced in California and Turkey, with the rest coming from Russia,
China, and the Andean regions of South America.

An estimated 1. 25 X 10° metric tons of B,Osis currently consumed annually
in the form of the various borate products. Fig. 1. 4 shows the approximate
proportions of boron consumed by various large industries. It is notable that the
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use of borates in the manufacture of various types of vitreous materials, particularly
berglass, ceramic glazes, and specialty borosilicate glasses, accounts for more
than half of all boron used by industry. The uses of borates in peroxygen bleaching
systems for household laundry detergents, micronutrient fertilizers, cellulose
insulation (fire retardant), and cleaning products are also important. Following
these applications, there are hundreds of other minor uses of borates, a small
selection of which are listed in Table 1.1.

Other Fiberglass
27% 32%

/ Ceramics/Frits
Perborate 2 12%

16%

Borosilicate Glass
8%

Fig. 1.4 Estimated total borate use by major industrial
applications in B, O; equivalents for the year 2001

Table 1.1 Examples of miscellaneous uses of borates

Adhesives Capacitors Nylon production (catalysis)
Automotive coolants Fire retardants Pharmaceuticals

Biocides Fuel additives Photography

Boron hydrides Iron and steel production Magnets

Brake fluids Leather tanning Metal working fluids
Buffers Lubricants . Solders

Cement (set retardant) Metallic glasses Textiles

Cleaning products Metal refining Waxes/polishes

Corrosion inhibitors Non-oxide ceramics Water treatment
Cosmetics/lotions Nuclear industry Wire drawing

For the most part, other applications utilize boron oxides, but a small
fraction of uses involves non-oxide materials such as boron hydrides and engineering
ceramics. Although these non-oxide materials have received great attention in
academic circles in recent decades, they are yet to gain much industrial significance in
the overall scheme of the borate industry.



