—'

2.2 The Classiﬁcation of Matter
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Figure 22.1 Classification of matter
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The particles that make up materials are also forms of matter. Chemists refer to all the particles
of matter collectively as chemical species. Just as materials are classified, so are chemical species.
Chemical species can be classified as neutral atoms, molecules, or ions. These in turn can be further
classified as types of atoms, molecules, and fons. Atoms are composed of particles that can be
classified as well. The Initial classification of chemical species will be discussed later in this section and
the rest will be left to later sections and later courses.

[ | |
Metal Metalloid Non-metal
[ % | | | |
Alkali Alkaline etc. Halogen Noble etc.
Metal Earth Metal Gas

Figure 2.2.2 Classification of elements

The elements are further classified as metals, non-metals, and metalloids (Figure 2.2.2). About
80% of the elements are metals, The metals are separated from the non-metals on the periodic table
of the elements by a staircase beginning between boron and aluminum as shown in Figure 2.2.3. The
elements shaded in grey are generally considered to be metalloids because they are intermediate in
properties between the metals and the non-metals. Hydrogen also has properties that are in-between
those of the metals and the non-metals. Although it has some chemical properties of metals, it has
more in common with non-metals and is classified as a non-metal for most purposes. Hydrogen is
such a unique element that it Is usually considered to be in a group of its own.

Non-metals 2
l | He
6 [10]
C Ne
13 E 18
Al p Ar
30 || 31 34 E 36
Zn Ga Se Kr
[ 48 || 49 | 50 53 || 54
| Cd In || Sn 1 Xe
8o |[ 81 || 82 || 83 86
Ha || T || po || BI Rn
7 .
e )

Metals

Figure 2.2.3 The location of metals, non-metals, and metalloids in the periodic table of the elements
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bond.

Nat
cr

metals.

(Figure 2.2.4). The bond or attraction between

Figure 2.2.4 An ionic crystal lattice
Non-metal atoms can also become more stable by sharing valence (outer) electrons with each

ather. A shared pair of valence electrons that holds two atoms together Is appropriately called a

covalent bond. A neutral group of covalently bonded atoms s called a molecule and compounds

consisting of molecules are called molecular compounds.

Non-metals form molecular compounds with other non-metals but form ionic compounds with

lonic Compounds versus Molecular Compounds

Anlon is a charged atom or group of atoms. Because jons are more stable than their corresponding
neutral atoms, the atoms of many elements exist almost exclusively in nature as ions. lonic
compounds consist of positively and negatively charged lons held together by their opposite
electrical charges Into long range, symmetrical Packing arrangements called lonic erystal [attices
oppositely charged ions is appropriately called an fonic

@Yy
O’p

Figure 22.5 Amolecular compound

3 _I: nple Problem — Classifying a Compound as lonic or Molecular
_r-l e whether each of the following Is an ionic compound or a molecular compound:

@) Nacl (b) Cu(NO,), (© P,0,
'What to Think about Howto Dot
& If the compound contains a metal or the ammonium ion
| "then It is ionic, otherwise it is molecular.
F (2) Naisametal (@)  Naclis an ionic compound.
i1 (b) Culsametal (b)  cu(NO,), is an ionic compound.
#].'(c) Pand O are both non-metals (c) BOL is a wmolecular compound.

(@) Co,
3 (b) CaF,
f (c) C,H,

[_Practice Problems — Classifying a Compound as lonic or Molecular
1. State whether each of the following is an ionic compound or a molecular compound:

(d) Mg,[PO‘]z
(e) Li,Cr,0,

(f) NH,CI
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Acids versus Bases versus Salts
Some compounds are also classified as acids, bases,
acids, bases, and salts.

From its formula, an acid appears to be a compound having one or mare H* ions bonded to an
anion (e.g. HCl, H,S0, H,P0,). In reality, acids are a special type of molecular compound that can be
induced to form these ions. This is a complex affair you'll learn about in Chemistry 12.

Chemists actually have three different conceptual definitions of acids and bases, which they
use interchangeably depending on the circumstance. The most common definition of a base is
a hydroxide. This is any compound containing the hydroxide (OH") ion. Examples include NaOH,
Ca(OH),, and AOH);.

A salt is any fonic compound other thana hydroxide. A salt
the only other type being base. Acids and bases reactto produc
reaction is called a neutralization reaction. For example:

or salts. There are both organic and inorganic

is thus one type of ionic compound,
e a salt and water. This type of

HCl + NaOH —* NaCl + H,0

’-Mﬁ%*-&ludtm«m A | _

%

& Mixture
Classification of :
Mixtures Homo?eneous Heterogeneous
l'_ |
Solutions Colloids

Figure 2.2.6 Classification of mixtures

Table2.2.2 Distinguishing Between Homogeneous and Heterogeneous Mixtures
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The difference between the classes of mixtures is really a matter of degree, rather than of kind.
It can't be overemphasized that there Is no sharp demarcation between the classes of mixtures but
rather a general trend from smaller particles to larger particles in moving from solutions to colloids to
heterogeneous mixtures.

A homogeneous mixture is one that appears the same throughout. A homogeneous mixture is
not actually perfectly homogeneous. Atoms are not homogeneous and therefore nothing composed
of atoms is truly homogeneous. A homogeneous mixture doesn’t even have the same proportions
of atoms throughout because every sample has a slightly different composition due to the random
motion and mixing of the particles. It can be difficult to distinguish between a homogeneous mixture
and a compound since both appear to be the same throughout. Whether or not the constituents of
air for example are chemically combined was still a point of contention in the early 1800s. The French
chemists, Proust and Berthollet, had an ongoing debate over this issue. What Berthollet perceived as
a compound that could vary in proportion, Proust perceived as a physical mixture. As a prerequisite
to his development of atomic theory, John Dalton resolved the issue in 1808 by simply declaring that
any process in which elements do not combine in a fixed proportion is not a chemical process. Thus
any material having constituents that do not combine in a fixed proportion became a mixture. This

scheme proved to be so fruitful in advancing chemistry that it quickly found general acceptance.

Solutions
A solution is a type of homogeneous mixture in which the constituent chemical species do not
aggregate to form any particles greater than 1 nm (nanometre). A solute Is a minor component of
the mixture, generally what has been dissolved. The solvent is the major component of the mixture,
generally what the solute was dissolved in. Many chemicals are in aqueous solution (dissolved in
water). Our lakes and rivers, our oceans, our drinks, our bodily fluids, and the bottles on the shelves of
your aboratory are all aqueous solutions. Chemists denote that a chemical is in aqueous solution with
"aq"in brackets after the formula (e.g, NaCl(aq)).

Solutions can be produced from materials in different phases (e.g., a solid can dissolve in a
liquid). Regardless of the constituents’ phases when undissolved, a solution is a single phase, usually
that of the solvent. If the solvent Is a solid, it is melted to allow for mixing and then cooled to solidify

the mixture,

Table 2.2.3 Examples of Solutions

SLAR ot S Lo

Solid steel, bronze mercury in gold hydrogen in palladium
Liquid salt water gasoline oxygen in water
Gas - - air
Colloids

A colloidal system consists of particles between 1 nm and 1 um dispersed throughout a continuous
medium (Table 2.2.5). The particles of the dispersed phase are large molecules (macromolecules) or
aggregates of molecules that are invisible to the naked eye. Unlike a solution, the colloid particles can
be in a different phase than the dispersion medium In which they are suspended. Any mixture of solid
particles in a liquid, regardless of how small the solid particles are, is a collold or a mechanical mixture.

If a liquid is translucent (cloudy) then it is a colloid or a heterogeneous mixture. A bright beam
of light Is not visible when shone through a solution because the particles of a solution are too small
to reflect or scatter the light. A bright beam of light is visible however when shone through a colloid
because the particles of the dispersed phase are large enough to scatter and reflect the light. This is
called the Tyndall effect.
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Table 2.2.4 Namesand (i examples) of Colloids
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22 Review Ouestions

1. Nameanelement.@ compound, and 2 mixture found In your heme.

2 lskeaslertopwvematanmkmwnsuhstamhanelementorammmund? Explain.

3, Elements, compounds and mixtures are each classified into types of elements, compounds, and mixtures. -

Use“properties’ or“composition”to correctly complete each of the following sentences:.
(a) E!eumaredasslﬁedonthebaslsofthetr .
® Comiaomdsaredassiﬁedmﬁ\ebaskofw .
4] Mmmdasslﬂedonﬁebaslsofd\eh S

4. Using onlywhltedrdes {O)and blackdrdes(.)wrepmltdiﬁetennypa of atoms, draw an element. 3 molecular compot

anionic compound, 3 mixture of elements, and a mixture of compounds using atleast 10 cirdesin each drawing.

5. Classtly eachofthe following as an element (), compound (C), 013 mixture (M).
, (2 potasslummodde {e) carbon
{b) eggnog (f) seawater
(c)canbedeoomwsed (g)substameoomalntng only one type of stom
(d) canvary in proportions {h) contains more than one substance

6. Classify each of the following elementsasd metal, metatlold, ord non-metal.
{a) germanium (b) calcium B () lodine

7. Givefourexamples of physical properties of metals.

(d) xenosi
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. lowing table by dlassifying each of the compounds.

NEHIE

LG S

that chemists used nanotechnology to produce a material with two different types of metal atoms organized into
ting rows. Would this material be a substance or would it be a mixture? Explain,

is no material truly homogeneous at the atomic level?

q a mixture of O, and O (two different allotropes of the element oxygen) a chemical mixture? Explain.

12 Identify each of the following species as a neutral atom, an ion, or a molecule.
@ N, (b) O (c) NO,~ (dH (e) NH, (f) K*
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Hasasolute and a solvent

Exhibits the Tyndall effect

Orange juice with pulp
May be separated by centrifugation

14. To diagnose an ulcer, a doctor may have the patient drink a suspension of barium sulphate which Coats the patient’s
gastrointestinal tract allowing it to be Imaged by X-rays. What is the difference between asuspension and a collojd?

15. Is dust a colloid or is it a suspension? Explain.

16. Correct each of the following sentences by replacing the underlined word,

(a)  Salt water is a denser substance than fresh water,

(b)  The colloid particles were dissolved in water.
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