Chapter 2  The Components of Matter

Elements, Compounds, and Mixtures: An Atomic Overview

· Elements and compounds are two kinds of substances: a substance is matter whose composition is fixed. Mixtures are not substances because they have a variable composition.

1. An Element is the simplest type of matter with unique physical and chemical properties. It consists of only one type of atoms therefore cannot be broken down into a simpler type of matter by any physical or chemical methods. Each element has a name, such a silicon, oxygen or copper. A sample of silicon contains only silicon atoms. Each element is unique because the properties of its atom are unique. Several elements occur in molecular form: A molecule is an independent structure of two or more atoms bound together. 
2. A compound consists of two or more different elements that are bonded chemically. Many compounds such as ammonia, water, and carbon dioxide consist of molecules, however other compounds such as sodium sulfate do not. Elements are present in fixed parts by mass, this occurs because each unit of a compound consists of a fixed number of atoms of each element.
3. A mixture consists of two or more substances that are physically intermingled. Because a mixture is not a substance, in contrast to a compound, the components of a mixture can vary in their parts by mass. 

Daltons Atomic Theory 

· Dalton expressed his theory in a series of postulates: 

1. All mater consists of atoms, tiny invisible particles of an element that cannot be created or destroyed. 
2. Atoms of one element cannot be converted into atoms of another element. In chemical reactions, the atoms of the original substances recombine to form different substances. 
3. Atoms of an element are identical in mass and other properties and are different from atoms of any other element. 
4. Compounds result from the chemical combination of a specific ration of atoms to different elements. 

Isotopes 

· All atoms of an element have the same atomic number, but not necessarily the same mass number. Isotopes of an element are atoms that have differed numbers of neutrons and therefore different mass numbers.
· The chemical properties of an element are primarily determined by the number of electrons, so all isotopes of an element have nearly identical chemical behavior even though they have a different mass. 

Organization of the Periodic Table

1. Each element has a box that contains its atomic number, atomic symbol and atomic mass. The boxes lie from left to right in order of increasing atomic number (number of protons in the nucleus). 
2. The boxes are arranged into a grid of periods (horizontal rows) and groups (vertical columns). Each period has a number from 1 to 7. Each group has a number from 1 to 18. 
3. Groups 1,2,13,14,15,16,17 and 18 contain the main-group elements. Groups 3 to 12 contain the transition elements. Two horizontal series of inner transition elements, the lanthanides and the actinides, fit between the elements in-between group 3 and group 4 and are placed below the main body of the table. 
Classifying Elements 

· The metals lie in the large lower left portion of the table. 
· The non-metals lie in the small upper-right portion of the table. 
· The metalloids (also called semimetals), which lie along the staircase line, have properties between those of metals and nonmetals. 
· Group 1, except for hydrogen, consists of the alkali metals. 
· Group 2 consists of the alkaline earth metals.
· The halogens, Group 17 are highly reactive nonmetals. 
· The noble gases, Group 18 are relatively unreactive nonmetals. 

1. In general, elements in a group have similar chemical properties and elements in a period have different chemical properties. 
2. Despite this classification of three types of elements, in reality, there is a gradation in properties from left to right and top to bottom. 

Compounds: An introduction to Bonding 

· The noble gases: Helium (He), Neon (Ne), Argon (Ar), Krypton (Kr), xenon (Xe) and radon (Rn) all occur in air as separate atoms. 
· Elements combine in two general ways, and both ways involve the electrons of the atoms of interacting elements: 

1. Transferring electrons from one element to another to form ionic compounds. 
2. Sharing electrons between atoms of different elements to form covalent compounds.

· These processes generate chemical bonds, the forces that hold the atoms together in a compound. 

The Formation of Ionic Compounds

· Ionic compounds are composed of ions, charged particles that form when an atom (or small group of atoms) gains or loses one or more electrons. The simplest type of ionic compound is a binary ionic compound, a compound composed of two elements. 
· Each metal atom loses one or more electrons and becomes a cation, a positively charged ion.
· Each nonmetal atom gains one or more electrons and becomes an anion, a negatively charged ion.
· A cation or anion derived from a single atom is called a monatomic ion. Those derived from a small group of atoms is called a polyatomic ion. 

Coulomb’s Law: The strength of the ionic bonding depends, tot a great extent, on the net strength of these attraction and repulsion and can be described by Coulomb’s law: The energy of attraction (or repulsion) between two particles is directly proportional to the product of the charges and inversely proportional to the distance between them. 



· Ions with higher charges attract (or repel) each other more strongly that ions with lower charges. 
· Smaller ions attract (or repel) each other more strongly than larger ions, because their charges are closer together. 

   


Prediction the Number of Electrons Lost or Gained 

· Ionic compounds are neutral because they contain equal numbers of positive and negative charges. 
· For elements Groups 1, 2 and 13 to 18, we usually find that metal atoms lose electrons and nonmetal atoms gain electrons to form ions with the same number of electrons as in an atom of the nearest noble gas. 
· Noble gases have a stability that is related to their number of electrons, thus elements near a noble gas form monatomic ions as follows: 
· Metals lose electrons: Elements in Group 1 lose one electron, elements in-group two loses two electrons and aluminum in Group 13 loses three. 
· Nonmetals gain electrons: Elements in Group 17 gain one electron, oxygen and sulfur in Group 16 gain two electrons and nitrogen in Group 15 gains three. 

The Formation of Covalent Compounds

· Covalent compounds form when elements, usually nonmetals share electrons. 
· The simplest case of electron sharing occurs not in a compound but between two hydrogen atoms. 
· At some optimum distance between the nuclei, the two atoms for a covalent bond, a pair of electrons mutually attracted by the two nuclei.
· The atoms are chemically bound and behave as an independent unit – not separate atoms.

Distinguishing the Entities in Covalent and Ionic Substance

· Most covalent substances consist of molecules (ex. A cup of water consists of individual water molecules. 
· In contrast, under ordinary conditions, there are no molecules in an ionic compound (ex. A piece of sodium chloride is a continuous array in three dimensions of oppositely charged sodium and chloride ions, not a collection of individual sodium chloride “molecules”).
· Another key distinction between covalent and ionic substances concerns the nature of the particles attracting each other. 
· Covalent bonding involves the mutual attraction between two (positively charged) nuclei and two (negatively charged) electrons that reside between them. 
· Ionic bonding involves the mutual attraction between positive and negative ions. 

Polyatomic Ions

· Many ionic compounds contain polyatomic ions, which consist of two or more atoms bonded covalently and have a negative or positive charge. 

Formulae, Names, and Masses of Compounds

· In a chemical formula, element symbols and often-numerical subscripts show the type and number of each atom in the smallest unit of the substance. 

Binary Ionic Compounds

· For all ionic compounds, the name and formal give the positive ion (cation) first and the negative ion (anion) second. 
· For all binary ionic compounds, the name of the cation is the name of the metal, and the name of the anion has the suffix –ide added to the root of the name of the nonmetal.
· Because an ionic compound consists of an array of ions rather than spate molecules, its formula represents the formula unit, he relative numbers of cations and anions in the compound.
· The compound has zero net charge, so the positive charges of the cations balance the negative charges of the anion. 

Compounds with Metals That Form More Than One Ion

· Many metals, particularly the transition elements, can form more than one ion. 
· Names of compounds containing these elements include a roman numeral within parentheses immediately after the metal ion’s name to indicate its ionic charge. 

Compounds Containing Polyatomic Ions
· Many ionic compounds contain polyatomic ions.
· Remember that a polyatomic ion stays together as a charged unit. 
· Most polyatomic ions are oxoanions, ions in which an element, usually a nonmetal, is bonded to one or more oxygen atoms. There are several families of two or four oxoanions that differ only in the number of oxygen atoms. 

Hydrated Ionic Compounds
	Numerical Prefixes for Hydrates and Binary Covalent Compounds

	Number
	Prefix

	1
	Mono -

	2
	Di -

	3
	Tri -

	4
	Tetra -

	5
	Penta -

	6
	Hexa -

	7
	Hepta -

	8
	Octa -

	9
	Nona -

	10
	Deca -


· Ionic compounds called hydrates have a specific number of water molecules in each formula unit, which is shown after a centered dot in the formula and noted in the name by a Greek numerical prefix before the word hydrate.
















Acid Names from Anion Names 

1. Binary acid solutions form when certain gaseous compounds dissolve in water. For example, when gaseous hydrogen chloride dissolves in water it forms hydrochloric acid. 

· The naming pattern holds for many compounds in which hydrogen combines with an anion that has an –ide suffix. 

2. Oxoacid names are similar to the names of the oxoanions, except for two suffix changes: 

· The –ate in the anion becomes –ic in the acid. 
· The –ite in the anion becomes – ous in the acid. 

Binary Covalent compounds

· Binary covalent compounds are typically formed by the combination of two non-metals. 
· The element with the lower group number in the periodic table comes first in the name. The element with the higher group number comes second in the name with its root and the suffix –ide. For example nitrogen trifluoride. 
· If both elements are in the same group, the element with the higher period number r is named first. 
· Covalent compounds use Greek numerical prefixes to indicate the number of atoms of each element. The first element in the name has a prefix only when more than one atom of it is present; the second element usually has a prefix. When the second element name begins with a vowel, we usually drop the vowel attached to the prefix. 

The Simplest Organic Compounds: Straight-Chain Alkanes 
· Hydrocarbons, the simplest type of organic compound, contain only carbon and hydrogen. 
· Alkanes are the simplest type of hydrocarbon; many function as important fuels such as methane, propane, butane and the mixture that makes up gasoline. 
· The simplest alkanes to name are the straight-chain alkanes because the carbon chains have no branches. 
· Alkanes are named with a root base on the number of C atoms in the chain, followed by the suffix –ane.

Masses for chemical Formulae
· Using the periodic table and the formula for a compound, we can calculate the molecular mass of a formula unit of a compound as the sum of the atomic masses:

Mass of formula unit = sum of atomic masses

· Ionic compounds do not consist of molecules, so the mass of a formula unit is termed the formula mass, not the molecular mass. To calculate the formula mass of a compound with a polyatomic ion, the number of atoms of each element inside the parentheses is multiplied by the subscript outside the parentheses. 
· We can use atomic masses, not ionic masses, because electron loss equals electron gain, so electron mass is balanced. 

Representing Molecules with Formulae and Models

· A Molecular formula uses element symbols and often numerical subscripts to give the actual number of atoms of each element in a molecule of the compound. (ex. H20)
· A Structural Formula shows the relative placement and connections of the atoms in a molecule. It uses symbols for the atoms and either a pair of dots (electron-dot formula) or a line (bond-line formula) to show the bonds between the atoms.
· In models, colored balls represent atoms. A ball-and-stick model shows atoms as balls and bonds as sticks. The angles between the bonds are accurate. Note that water is a bent molecule (with a bond angle of 104.5). This type of model does not show the bonded atoms overlapping or their relative sizes, so it exaggerates the distance between them. 
· A space-filling model is an accurately scaled-up image of the molecule, so it shows the relative sizes of the atoms, the relative distances between the nuclei (centers of spheres), and the angles between the bonds. 

Mixtures: Classification and Separation 

· A heterogeneous mixture has one or more visible boundaries between the components. Thus, its composition is not uniform, but rather varies from one region to another. Many rocks are heterogeneous having individual grains of different minerals (ex. Milk or blood)
· [bookmark: _GoBack]A homogeneous mixture (or solution) has no visible boundaries because the components are individual atoms, ions, or molecules. Thus its composition is uniform. A mixture of sugar dissolved in water is homogeneous, for example, because the sugar molecules and water molecules are uniformly intermingled on the molecular level. We have no way of telling weather a sample of matter is a substance or a homogeneous mixture.
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