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Basic Concepts of Matter

Volcano Burning
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Three States of Matter

Solid, liquid, and gas states

Water can be found in the
solid, liquid, and vapor
(gaseous) forms
simultaneously.
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Chemical Reactions

— Fig.1.3
The green color of the
Statue of Liberty resultd
from the reaction of
copper with the
components of air.
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Chemical Substances

"Good" versus "Bad" Properties for a Chemical Substance

It is important not 1o judge the significance or usefulness of a

chemical substance on the basis of just one or two of the many

chemical and physical properties it exhibits. Possession of a

“bad” property, such as toxicity or a strong noxious odor, does

not mean that a chemical substance has nothing to contribute to
ety.

the betterment of human s
A case in point is the substance carbon monoxide. Everyone
knows that it is a gaseous air pollutant present in automobile
exhaust and cigarette smoke and that it is toxic to human beings.
For this reason, some people automatically label carbon monox-
E stance we do not need or wa
rbon monoxide is toxic to human beings. It
impairs human health by reducing the oxygen-carrying capacity
of the blood. Carbon monoxide does this by interacting with the
hemoglobin in red blood cells in a way that prevents the hemo-
globin from d|<mhuung oxygen throughout the body. Someone
who dies from carbon monoxide poisoning actually dies from
Tack of oxygen.

The fact that carbon monoxide is colorless, odorless, and
tasteless is very significant. Because of these properties, carbon
monoxide gives no warning of its initial presence. There are
several other common air pollutants that are more toxic than
carbon monoxide. However, they have properties that give
warning of their presence and hence they are not considered as
“dangerous™ as carbon monoxide.
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Despite its toxicity, carbon monoxide plays an important
role in the maintenance of the high standard of living we now
enjoy. Its contribution lies in the field of iron metallurgy and
the production of steel. The isol:

temperature reactions, carried out in a blast furnace, in which
the iron content of molte:
ide. These reactions relea
monoxide needed in steel making is obtained by reacting e
(a product derived by heating coal t0 a high temperature with-
out air being present) with oxygen.

The industrial consumption of the metal iron, both in the
United States and worldwide, is approximately ten times
reater than that of all other metals combined. Steel production
accounts for nearly all of this demand for iron. Without steel,
our standard of lving would drop dramatcally, and carbon
monosid s necessry forthe producton of

Is carbon monoxide a “good™ a " ad cllemlcxl sub-.
tance? The answer 1 his qcstion depends on the conext in
which the carbon monoxide is encountered. In terms of air pol-
lution, it is a “bad” substance. In terms of steel making, it is a
“good” substance. A similar “good—bad” dichotomy exists for
almost every chemical substance.

Changes of States

« Themelting of ice cream is a
physical changeinvolving a
ﬁhan e of state; solid turns to
iqui
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Rusting is a chemical reaction

As aresult of chemical
change, bright steel
girders become rusty
when exposed to moist air.
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Physical Vs. Chemical changes

m
ferm comeys te idea that e
mpuim(d-mmmw
substance DOES NOT C|

This term conveys the idea that the

1
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Changes observable

compasition
* Chiange in physical
g o]

change in physical state
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Magnetic separations

James Scherer

1.6a

James Scherer

Classification of matter

Fig 1.7 Matter falls into two basic classes; pure substances and
mixtures. Mixtures, in turn, may be homogeneous or heterogeneous.

MATTER

l— Anything that has mass '—I
and occupies space

PURE SUBSTANCE MIXTURE

Only one substance Physical combination of
present 1wo or more substances.

(a) A magnetand a mixture (b) The magnet can be used ks el
consisting of potassium to separate the iron fillings P = T
dichromate (orange from the potassium oS it
crystals)and iron fillings. dichromate.
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Pure substances Classification of matter contd
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PURE SUBSTANCE |
Only one substance pr—
present
— Fig.1.9 [
ELEMENT COMPOUND Questions used _1"" J
in classifying l l
Cannot be broken down Can be broken down into matterinto o [P
into simpler substances by constituent elements by . Lk ined |
chemical or physical means chemical, but not physical, various
means categories.

Fig 1.8 A pure substance can be either an element or a
compound.
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Classification of matter cont'd

Elements and properties

(a) Universe

(b) Earth's Crust
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Abundance of Elements Elements of human body
Calcium 26%
o | Magnesium 2.4%
Hrlnm‘l 9% Hydrogeu 2.9% | B g = = g
- AR ofep =0, " \ Atuminum 6.1%, Al olhaes 1.5% g 3 2 g"

H & £ £ |-ccau12
dlementsin " V S Compost
the universe Water x x Composition of
and inEarth's Silicon 20.1% Carbohydrate x x x the Human

| Fat x X x Bod
crust (|n) atom Protein x x x X Y
percent
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Naming elements

« Tablel.1
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Can we see atoms?

« Fig.1.12
A computer reconstruction of the
surface of a sample of graphite
(carbon) as observed with a
scanning tunneling microscope.
The imagereveals the regular
pattern of individual carbon atoms.
The color was added to theimage
by computer.

image courtesy of Veeco Instruments Inc.
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Size of atoms

— Fig.1.13
254 million atoms

254,000,000 atoms

1 inch

arranged in a straight
linewould extend a
distance of
approximately 1 inch.

T
1
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Molecular structure

SN N
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(a) (b) (c)
Chlorine Phosphorus Sulfur
molecule molecule molecule

Fig 1.14 Molecular structure of (a) chlorine, (b) phosphorus, and (c)
sulfur
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Basic Concepts of Matter contd
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(a) A diatomic molecule containing
one atom of A and one atom of B

(b) A triatomic molecule containing
two atoms of A and one atom of B

(6) A tetraatomic molecule contalning
two atoms of A and two atoms of B

(@) A tetrastomic molecule containing
three atoms of A and one atom of B
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~ Fig.1.15
Depictions of various simple
heteroatomic molecules
using models. Spheres of
different sizes and colors
represent different kinds of
atoms.

Homo- and heteo-atomic molecules

Example 1.2

Classify each of the following molecules as (1) diatomic, triatomic,
etc. (2) homoatomic or heterotomic and (3) representing an
element of acompound.

(a) (b) (c) (d)
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What type of molecules?

Practice Example 1.2

Classify each of the following
molecules as (1) diatomic,
triatomic, etc. (2) homoatomic or
heterotomic and (3) representing
an element of a compound.

(a)

(b) (c) (d)
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