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Classification of matter 

Matter is anything that occupies space and has mass. Chemistry is the study of matter and changes it 

undergoes. All matters, at least in principles, can exist in three states: Solid, Liquid, and Gas.  

Solids are rigid objects with definite shapes. Liquids are less rigid than solids and are fluid—they are 

able to flow and assume the shape of their containers. Like liquids, gases are fluid, but unlike liquids, 

they can expand indefinitely. 

The three states of matter can be interconverted without changing the composition of the substance. 

Upon heating, a solid (for example, ice) will melt to form a liquid (water). (The temperature at which 

this transition occurs is called the melting point.) Further heating will convert the liquid into a gas. 

(This conversion takes place at the boiling point of the liquid.) On the other hand, cooling a gas will 

cause it to condense into a liquid. When the liquid is cooled further, it will freeze into the solid form. 

Note that the properties of water are unique among common substances in that the molecules in the 

liquid state are more closely packed than those in the solid state. 

Properties of three states of matter are summarized in the table below: 

Table 1 Summary of Properties of matter in different states 

 Solid Liquid Gas 

Shape Fixed Takes shape of container Takes shape of container 

volume Fixed Fixed Takes volume of container 

arrangement regular, ordered Unordered Unordered 

Motion 
Vibrates keeping mean 

position 
Moves freely insides its 

boundary 
Can move very freely 

Density Highest Less than solid Least 

Inter 
molecular 

Force 
Very strong Less than solid Least 

Examples 
diamonds (carbon atoms), 

ice (water molecules), metal 
Mercury, vinegar ,  per-fume Helium, water vapor, air 

 

   
 

 

Substances and Mixtures 

A substance is matter that has a definite or constant composition and distinct properties. Examples 

are water, silver, ethanol, table salt (sodium chloride), and carbon dioxide. Substances differ from one 

another in composition and can be identified by their appearance, smell, taste, and other properties. 

At present, over 20 million substances are known, and the list is growing rapidly. 

A mixture is a combination of two or more substances in which the substances retain their distinct 

identities. Some examples are air, soft drinks, milk, and cement. Mixtures do not have constant 

composition. Therefore, samples of air collected in different cities would probably differ in 

composition because of differences in altitude, pollution, and so on. 
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Mixtures are either homogeneous or heterogeneous. When a spoonful of sugar dissolves in water, the 

composition of the mixture, after sufficient stirring, is the same throughout the solution. This solution 

is a homogeneous mixture. If sand is mixed with iron f lings, however, the sand grains and the iron 

filings remain visible and separate. This type of mixture, in which the composition is not uniform, is 

called a heterogeneous mixture. Adding oil to water creates another heterogeneous mixture because 

the liquid does not have a constant composition. 

Any mixture, whether homogeneous or heterogeneous, can be created and then separated by physical 

means into pure components without changing the identities of the components. Thus, sugar can be 

recovered from a water solution by heating the solution and evaporating it to dryness. Condensing 

the water vapor will give us back the water component. To separate the iron-sand mixture, we can 

use a magnet to remove the iron f lings from the sand, because sand is not attracted to the magnet. 

After separation, the components of the mixture will have the same composition and properties as 

they did to start with. 

Elements and Compounds 

A substance can be either an element or a compound. An element is a substance that cannot be 

separated into simpler substances by chemical means. At present, 118 elements have been positively 

identified. Among 118 elements 94 are naturally occurring and 24 are synthesized in Lab. 

The table below shows list of some common elements found on earth along with their symbols. 
Table 2 Some common elements and their Symbols 

 
The figure below shows most of the abundant element on earth’s crust and in the human body. 

 
Figure 1 (a) Natural abundance of the elements in percent by mass. For example, oxygen’s abundance is 45.5 percent. 

This means that in a 100-g sample of Earth’s crust there are, on the average, 45.5 g of the element oxygen. (b)  
Abundance of elements in the human body in percent by mass. 
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We define a compound as a substance composed of two or more elements chemically united in f xed 

proportions. Hydrogen gas, for example, burns in oxygen gas to form water, a compound whose 

properties are distinctly different from those of the starting materials. 

The relationships among elements, compounds, and other categories of matter are summarized 

below: 

 
Figure 2 Classification of mixtures 

What are the Changes in matter? 
Changes in matter can be of two types. Physical changes and chemical changes. It is important to 
understand the difference between chemical and physical changes. Some changes are obvious, but 
there are some basic ideas you should know. Physical changes are usually about states and physical 
states of states. Chemical changes happen on a molecular level when you have two or more molecules 
that interact. Chemical changes happen when atomic bonds are broken or created during chemical 
reactions. The basic difference is that in physical changes the molecules does not changes but during 
a chemical change the molecules generally changes. 

Physical changes/Property 
When you step on a can and crush it, you have forced a physical change. However, you only changed 
the shape of the can. It wasn't a change in the state of matter because the energy in the can did not 
change. Also, since this was a physical change, the molecules in the can are still the same molecules. 
No chemical bonds were created or broken. 
When you melt an ice cube (H2O), you have a physical change because you add energy. In this example, 
you added enough energy to create a phase change from solid to liquid. Physical actions, such as 
changing temperature or pressure, can cause physical changes. No chemical changes took place when 
you melted the ice. The water molecules are still 
water molecules. 
Some common physical changes involving changes 
in states of matter by adding or removing heat is 
shown in the diagram. Here upward arrow means 
adding heat and downward arrow means removing 
heat from the matter. 
As heat is provided to solid the molecules in the 
solid starts to vibrate more and if enough heat is 
provided the vibration force is much more than the 
intermolecular forces and so the solid melts to 
become liquid where they can move freely inside 
their boundary.  
When liquids are heated the molecules absorb more energy and moves faster. If enough heat is 
provided their kinetic energy becomes high enough to take them above the boundary of the liquid 
and becomes gas.  

 Or Melting 

Figure 3 Changes in the states of matter 
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Chemical Change/Property 
the statement “Hydrogen gas burns in oxygen gas to form water” describes a chemical property of 
hydrogen because to observe this property we must carry out a chemical change, in this case burning. 
After the change, the original substances, hydrogen and oxygen gas, will have vanished and a 
chemically different substance—water—will have taken their place. We cannot recover hydrogen and 
oxygen from water by a physical change such as boiling or freezing 
 

Measurements  

Measurement is an essential part in the study of science. It is also very important for studying 

chemistry. A number of common devices enable us to make simple measurements of a substance’s 

properties: The meterstick measures length; the burette, the pipet, the graduated cylinder, and the 

volumetric flask measure volume; the balance measures mass; the thermometer measures 

temperature. These instruments provide measurements of macroscopic properties, which can be 

determined directly. Microscopic properties, on the atomic or molecular scale, must be determined 

by an indirect method 

 
Figure 4 Some common measuring instruments used in chemistry 

SI units 

One of the most commonly used system of units is SI unit. SI units allows standardization of units, so 

that work by one person can be read by another person on the opposite side of the planet. 

Base units 

All units in science are derived from seven base units: 
Table 3 SI Base Units 

Mass kilogram kg 

Distance metre m 

Time second s 

Current ampere A 

Amount mole mol 

Temperature Kelvin K 

Light Intensity candela cd 
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Derived units 

There are many other units that we use, but all of these are derived by multiplication or division of 

some combinations of the base units.  You can think of it like letters and words. We have 26 letters 

in the alphabet but we have thousands of words in our language. Here are some of the derived 

units: 
Table 4 Some Derived units 

Quantity Unit Symbol Base unit equivalent 

Velocity metre per second ms-1 ms-1 

Acceleration metre per second squared ms-2 ms-2 

Force Newton N kg ms-2 

Work or Energy joule J kg m2s-2 

Pressure Pascal Pa kg m-1s-2 

Frequency hertz Hz s-1 

Charge coulomb C A s 

Prefixes 

Now you have units, you often need to group these into larger or smaller numbers to make them 

more manageable. For example, you don't say that you are going to see someone who lives 100,000 

m away from you, you say they live 100 km away from you. Here a quick list of the common 

quantities used: 
Table 5 Scientific prefixes used with SI units 

Name Symbol Scaling factor Common example 

tera T 10121,000,000,000,000 Large computer hard drives can be terabytes in size. 

giga G 109 1,000,000,000 Computer memories are measured in gigabytes. 

mega M 106 1,000,000 A power station may have an output of 600 MW (megawatts). 

kilo k 103 1,000 Mass is often measured in kilogrammes (i.e. 1000 grammes). 

deci d 10-1 0.1 Fluids are sometimes measured in decilitres (i.e. 0.1 litre). 

centi c 10-2 0.01 Distances are measured in centimetres (i.e. 100th of a metre). 

milli m 10-3 0.001 Time is sometimes measured in milliseconds. 

micro µ 10-6 1,000,000th 
micrometres are often used to measure wavelengths of 

electromagnetic waves. 

nano n 10-9 nanometres are used to measure atomic spacing. 

pico p 10-12 picometres used to measure atomic radii. 

 
Mass and Weight 

Mass is a measure of the quantity of matter in an object. The terms “mass” and “weight” are often 

used interchangeably, although, strictly speaking, they refer to different quantities. In scientific terms, 

weight is the force that gravity exerts on an object. 

𝑊𝑒𝑖𝑔ℎ𝑡 = 𝑀𝑎𝑠𝑠 × 𝐺𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 

𝑤 = 𝑚𝑔 

Volume 

Volume is length (m) cubed, so its SI-derived unit is the cubic meter (m3). Generally, however, chemists 

work with much smaller volumes, such as the cubic centimeter (cm3) and the cubic decimeter (dm3): 
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Density 

Density is the mass of an object divided by its volume: 

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑚𝑎𝑠𝑠

𝑣𝑜𝑙𝑢𝑚𝑒
 

𝜌 =
𝑚

𝑉
 

Unit of density is kgm-3
 gmcm-3 or gmL-1 

Temperature Scales 

Three temperature scales are currently in use. Their units are °F (degrees Fahrenheit), °C (degrees 

Celsius), and K (kelvin). The Fahrenheit scale, which is the most commonly used scale in the United 

States outside the laboratory, defines the normal freezing and boiling points of water to be exactly 

32°F and 212°F, respectively. The Celsius scale divides the range between the freezing point (0°C) and 

boiling point (100°C) of water into 100 degrees. 

The equations necessary for conversion of temperature in different scales are listed below: 

? °𝐶 =
5

9
× (°𝐹 − 32) 

? °𝐹 =
9

5
× °𝐶 + 32 

? 𝐾 = 273.15 + °𝐶 

 

Study about Accuracy and precision. Questions related to accuracy and precision are included in 

assignment 

 

 

1. What is the difference between Accuracy and precision? 

2. Chang chapter 1 questions: 1.2, 1.3, 1.17, 1.18, 1.19,  
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The Atomic Theory 

The theory of atoms has been developed over centuries of word by different scientists. With 

advancements of science the theory of atoms has been refined.  

In the fifth century B.C., the Greek philosopher Democritus expressed the belief that all matter consists 

of very small, indivisible particles, which he named atomos (meaning uncuttable or indivisible). 

Although Democritus’ idea was not accepted by many of his contemporaries (notably Plato and 

Aristotle), somehow it endured. Experimental evidence from early scientific investigations provided 

support for the notion of “atomism” and gradually gave rise to the modern definitions of elements 

and compounds. It was in 1808 that an English scientist and schoolteacher, John Dalton, formulated a 

precise definition of the indivisible building blocks of matter that we call atoms. 

Dalton’s work marked the beginning of the modern era of chemistry. The hypotheses about the nature 

of matter on which Dalton’s atomic theory is based can be summarized as 

1. Elements are composed of extremely small particles, called atoms. 

2. All atoms of a given element are identical, having the same size, mass, and chemical 

properties. The atoms of one element are different from the atoms of all other elements. 

3. Compounds are composed of atoms of more than one element. In any compound, the ratio 

of the numbers of atoms of any two of the elements present is either an integer or a simple 

fraction. 

4. A chemical reaction involves only the separation, combination, or rearrangement of atoms; it 

does not result in their creation or destruction. 

After Dalton’s Model Significant advancement was done by many scientist including Thompson, 

Rutherford, Chadwick,  Bhor etc. These models progressively added different subatomic particles like 

electron, proton, and neutron as the constituents of the atom.   

Thompson first discovered electron as a subatomic particle and incorporated in his model. Rutherford 

discovered proton and Chadwick discovered neutron 

Thompson’s Model 

Often named as Thompson’s Plum pudding model, after a traditional English dessert containing 

raisins. The electrons are embedded in a uniform, positively charged sphere. The figure below shows 

a simplified model of Thompson’s model. 

 
Figure 5 Thompson's Plum Pudding Model 
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Atomic Theories Through History 

 
Figure 6 Models of the Atom through history 



NEUB CHE 101 Lecture 1: Introduction to Chemistry 

Prepared BY 
Shahadat Hussain Parvez  

P
ag

e9
 

Rutherford’s Model 

In the early part of the last century, the accepted model of the atom was proposed by J J Thompson 
in his plum pudding model.  This consisted of a matrix of protons in which were embedded electrons. 
Ernest Rutherford (1871 – 1937) used alpha particles to study the nature of atomic structure with the 
following apparatus:  

 
Figure 7 Rutherford's alpha scattering experiment 

Rutherford was using alpha particles (helium nuclei) as nuclear bullets to smash up the atoms; His 
observations are best illustrated with this diagram 

 
Figure 8 Experimental finding of Rutherford’s alpha scattering experiment 

Instead of bits of atom, Rutherford found that a small proportion of the alpha particles were deflected, 

while an even smaller proportion bounced right back.  From analysis of these observations he 

concluded: 

• Most of the atom was empty space.  
• The positive charge was concentrated in a very small space  
• The radius of the nucleus was in the order of 3 ´ 10-14 m.  
• The alpha particles that were deflected back had to be travelling in a line with the nucleus.  

The table below summarizes the information of the Rutherford’s Alpha particle scattering 
experiment. 
Table 6 Summary of findings of Rutherford’s Alpha particle scattering 

Deflection angle Evidence Conclusion 
0-10 Most alpha particle pass straight with little deviation Most of the atom is empty space 

10-90 Some alpha particles deflected through a large angle All the atoms positive charge is 
concentrated in one place 

90-180 A few alpha particles are repelled back towards the 
source side of the foil 

Most of the mass and all positive charge  
is in a tiny central nucleus 
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Simplified Model of Atom 

With advancement of the model of atom, it sometimes become complicated to use perfect model to 

analyze the behavior of atom. For this purpose, we use a simplified model of atom for most of the 

analysis required. The figure below shows simplified model of atom with proton neutron and electron. 

The atom basically consists of a central positive nucleus with proton and neutron. Negatively charged 

electrons orbit the nucleus in different shells.  

 
Figure 9 Simplified model of atom 

The table below summarizes the properties of subatomic particles. 
Table 7 Mass and charge of subatomic particles 

  Charge 

Particle Mass (kg) Coulomb Charge unit 

Electron 9.10938 × 10−31 −1.6022 × 10−19 -1 
Proton 1.67262 × 10−27 +1.6022 × 10−19 +1 

Neutron 1.67493 × 10−27 0 0 
 

Atomic Number, Mass Number, and Isotopes 

All atoms can be identified by the number of protons and neutrons they contain. The number of 
protons in the nucleus of each atom of an element is called the atomic number (Z). In a neutral atom 
the number of protons is equal to the number of electrons, so the atomic number also indicates the 
number of electrons present in the atom. The chemical identity of an atom can be determined solely 
by its atomic number. For example, the atomic number of nitrogen is 7; this means that each neutral 
nitrogen atom has 7 protons and 7 electrons. Or viewed another way, every atom in the universe that 
contains 7 protons is correctly named “nitrogen.” 
The mass number (A) is the total number of neutrons and protons present in the nucleus of an atom 

of an element. Except for the most common form of hydrogen, which has one proton and no neutrons, 

all atomic nuclei contain both protons and neutrons. In general, the mass number is given by 

𝑀𝑎𝑠𝑠 𝑛𝑢𝑚𝑏𝑒𝑟 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑟𝑜𝑡𝑜𝑛 + 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑛𝑒𝑢𝑡𝑟𝑜𝑛𝑠

= 𝐴𝑡𝑜𝑚𝑖𝑐 𝑛𝑢𝑚𝑏𝑒𝑟 + 𝑀𝑎𝑠𝑠 𝑁𝑢𝑚𝑏𝑒𝑟 

The number of neutrons in an atom is equal to the difference between the mass number and the 

atomic number, or (A - Z). 

In most cases atoms of a given element do not all have the same mass. Atoms that have the same 

atomic number but different mass numbers are called isotopes. 

The accepted way to denote the atomic number and mass number of an atom of element X is as 

follows: 
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For the isotopes of hydrogen, we write 

   
As another example, consider two common isotopes of uranium with mass numbers of 235 and 238, 

respectively: 

 
The first isotope is used in nuclear reactors and atomic bombs, whereas the second isotope lacks the 

properties necessary for these applications. With the exception of hydrogen, isotopes of elements are 

identified by their mass numbers. Thus, these two isotopes are called uranium-235 (pronounced 

“uranium two thirty-five”) and uranium-238 (pronounced “uranium two thirty-eight”). 

The chemical properties of an element are determined primarily by the protons and electrons in its 

atoms; neutrons do not take part in chemical changes under normal conditions. Therefore, isotopes 

of the same element have similar chemistries, forming the same types of compounds and displaying 

similar reactivities. 

Periodic Table 

Periodic table is a chart in which elements having similar chemical and physical properties are grouped 

together. The figure below shows a periodic table.  

 
Figure 10 IUPAC periodic Table 

It is to be noted that internationally the groups are numbered from 1 to 18. But in American style 

groups are divided into A and B with numbers from 1-8. 
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Molecules and Ions 

Of all the elements, only the six noble gases in Group 8A of the periodic table (He, Ne, Ar, Kr, Xe, and 
Rn) exist in nature as single atoms. For this reason, they are called monatomic (meaning a single atom) 
gases. Most matter is composed of molecules or ions formed by atoms 
A molecule is an aggregate of at least two atoms in a definite arrangement held together by chemical 
forces (also called chemical bonds). A molecule may contain atoms of the same element or atoms of 
two or more elements joined in a fixed ratio. Thus, a molecule is not necessarily a compound, which, 
by definition, is made up of two or more elements. Hydrogen gas, for example, is a pure element, but 
it consists of molecules made up of two H atoms each. Water, on the other hand, is a molecular 
compound that contains hydrogen and oxygen in a ratio of two H atoms and one O atom. Like atoms, 
molecules are electrically neutral. 
The hydrogen molecule, symbolized as H2, is called a diatomic molecule because it contains only two 
atoms. Other elements that normally exist as diatomic molecules are nitrogen (N2) and oxygen (O2), 
as well as the Group 7A elements—fluorine (F2), chlorine (Cl2), bromine (Br2), and iodine (I2). Of course, 
a diatomic molecule can contain atoms of different elements. Examples are hydrogen chloride (HCl) 
and carbon monoxide (CO). 

 
Figure 11 Elements that exist as diatomic molecules 

The vast majority of molecules contain more than two atoms. They can be atoms of the same element, 
as in ozone (O3), which is made up of three atoms of oxygen, or they can be combinations of two or 
more different elements. Molecules containing more than two atoms are called polyatomic molecules. 
Like ozone, water (H2O) and ammonia (NH3) are polyatomic molecules. 
An ion is an atom or a group of atoms that has a net positive or negative charge. The number of 
positively charged protons in the nucleus of an atom remains the same during ordinary chemical 
changes (called chemical reactions), but negatively charged electrons may be lost or gained. The loss 
of one or more electrons from a neutral atom results in a cation, an ion with a net positive charge. For 
example, a sodium atom (Na) can readily lose an electron to become a sodium cation, which is 
represented by Na+: 

 
On the other hand, an anion is an ion whose net charge is negative due to an increase in the number 
of electrons. A chlorine atom (Cl), for instance, can gain an electron to become the chloride ion Cl2: 

 
Sodium chloride (NaCl), ordinary table salt, is called an ionic compound because it is formed from 
cations and anions. 
An atom can lose or gain more than one electron. Examples of ions formed by the loss or gain of more 
than one electron are Mg2+, Fe3+, S2-, and N3-. These ions, as well as Na+ and Cl-, are called monatomic 
ions because they contain only one atom. Figure below shows the charges of a number of monatomic 
ions. With very few exceptions, metals tend to form cations and nonmetals form anions. 
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Figure 12 Common monoatomic ions 

In addition, two or more atoms can combine to form an ion that has a net positive or net negative 
charge. Polyatomic ions such as OH- (hydroxide ion), CN- (cyanide ion), and 𝑁𝐻4

+(ammonium ion) are 
ions containing more than one atom. Polyatomic ions are sometimes referred as radicals. 

Chemical Formulas  
Chemists use chemical formulas to express the composition of molecules and ionic compounds in 
terms of chemical symbols. By composition we mean not only the elements present but also the ratios 
in which the atoms are combined. Here we are mainly concerned with two types of formulas: 
molecular formulas and empirical formulas. 
Molecular Formulas 
A molecular formula shows the exact number of atoms of each element in the smallest unit of a 
substance. In our discussion above, each example was given with its molecular formula in parentheses. 
Thus, H2 is the molecular formula for hydrogen, O2 is oxygen, O3 is ozone, and H2O is water. The 
subscript numeral indicates the number of atoms of an element present. There is no subscript for O 
in H2O because there is only one atom of oxygen in a molecule of water, and so the number “one” 
is omitted from the formula. Note that oxygen (O2) and ozone (O3) are allotropes of oxygen. An 
allotrope is one of two or more distinct forms of an element. Two allotropic forms of the element 
carbon—diamond and graphite—are dramatically different not only in properties but also in their 
relative cost. 
Molecules are too small for us to observe directly. An effective means of visualizing them is by the use 
of molecular models. Two standard types of molecular models are currently in use: ball-and-stick 
models and space-filling models. In ball-and-stick model kits, the atoms are wooden or plastic balls 
with holes in them. Sticks or springs are used to represent chemical bonds. The angles they form 
between atoms approximate the bond angles in actual molecules. With the exception of the H atom, 
the balls are all the same size and each type of atom is represented by a specific color. 
In space-filling models, atoms are represented by truncated balls held together by snap fasteners, so 
that the bonds are not visible. The balls are proportional in size to atoms. The first step toward building 
a molecular model is writing the structural formula, which shows how atoms are bonded to one 
another in a molecule. For example, it is known that each of the two H atoms is bonded to an O atom 
in the water molecule. Therefore, the structural formula of water is H-O-H. A line connecting the two 
atomic symbols represents a chemical bond. 
Ball-and-stick models show the three-dimensional arrangement of atoms clearly, and they are fairly 
easy to construct. However, the balls are not proportional to the size of atoms. Furthermore, the sticks 
greatly exaggerate the space between atoms in a molecule. Space-filling models are more accurate 
because they show the variation in atomic size. Their drawbacks are that they are time-consuming to 
put together and they do not show the three-dimensional positions of atoms very well.  
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Figure 13 Molecular and structural formulas and molecular models of four common molecules. 

Empirical formulas 
Empirical formula simply shows the ratio of atoms available in any molecule for example H2O2 is 
written as HO. The empirical formula tells us which elements are present and the simplest whole-
number ratio of their atoms, but not necessarily the actual number of atoms in a given molecule. 
For many molecules, the molecular formula and empirical formula are one and the same. Some 
examples are water (H2O), ammonia (NH3), carbon dioxide (CO2), and methane (CH4). 
Formula of Ionic Compounds 
The formulas of ionic compounds are usually the same as their empirical formulas because ionic 
compounds do not consist of discrete molecular units. For example, a solid sample of sodium chloride 
(NaCl) consists of equal numbers of Na+ and Cl- ions arranged in a three-dimensional network 

 
Figure 14 (a) Structure of solid NaCl. (b) In reality, the cations are in contact with the anions. In both (a) and (b), the 

smaller spheres represent Na+ ions and the larger spheres, Cl- ions. 

In order for ionic compounds to be electrically neutral, the sum of the charges on the cation and anion 
in each formula unit must be zero. If the charges on the cation and anion are numerically different, 
we apply the following rule to make the formula electrically neutral: The subscript of the cation is 
numerically equal to the charge on the anion, and the subscript of the anion is numerically equal to 
the charge on the cation. If the charges are numerically equal, then no subscripts are necessary. This 
rule follows from the fact that because the formulas of most ionic compounds are empirical formulas, 
the subscripts must always be reduced to the smallest ratios. Let us consider some examples. 
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• Potassium Bromide. The potassium cation K+ and the bromine anion Br- combine to form the 
ionic compound potassium bromide. The sum of the charges is +1 + (-1) = 0, so no subscripts 
are necessary. The formula is KBr. 

• Zinc Iodide. The zinc cation Zn2+ and the iodine anion I- combine to form zinc iodide. The sum 
of the charges of one Zn2+ ion and one I- ion is +2 + (-1) = +1. To make the charges add up to 
zero we multiply the -1 charge of the anion by 2 and add the subscript “2” to the symbol for 
iodine. Therefore, the formula for zinc iodide is ZnI2. 

• Aluminum Oxide. The cation is Al3+ and the oxygen anion is O2-. The following diagram helps 
us determine the subscripts for the compound formed by the cation and the anion: 

 
The sum of the charges is 2(+3) + 3(-2) = 0. Thus, the formula for aluminum oxide is Al2O3. 

Naming Compounds 
Naming different compounds is a very efficient way conveying information rather than using their 
formulas. Chemists have developed a system for naming substances on the basis of their composition. 
First, we divide them into three categories: ionic compounds, molecular compounds, and acids and 
bases. Then we apply certain rules to derive the scientific name for a given substance. 
Ionic Compounds 
Ionic compounds are made up of cations(+ve) and anions(-ve). With the important exception of 
ammonium ion, NH4

+, all cations are derived from metal atoms. Metal cations tale their name from 
their elements. For example, 

 
Many ionic compounds are binary compounds, or compounds formed from just two elements. For 
binary ionic compounds the first element named is the metal cation, followed by the nonmetallic 
anion. Thus, NaCl is sodium chloride. The anion is named by taking the first part of the element name 
(chlorine) and adding “-ide.” Potassium bromide (KBr), zinc iodide (ZnI2), and aluminum oxide (Al2O3) 
are also binary compounds. Table below shows the “-ide” nomenclature of some common monatomic 
anions according to their positions in the periodic table. 
Table 8 The “-ide” Nomenclature of Some Common Monatomic Anions According to Their Positions in the Periodic Table 

 
The “-ide” ending is also used for certain anion groups containing different elements, such as 
hydroxide (OH-) and cyanide (CN-). Thus, the compounds LiOH and KCN are named lithium hydroxide 
and potassium cyanide. These and several other such ionic substances are called ternary compounds, 
meaning compounds consisting of three elements. Table 9 lists alphabetically the names of several 
common cations and anions. 
Certain metals, especially the transition metals, can form more than one type of cation. Take iron as 
an example. Iron can form two cations: Fe2+ and Fe3+. The accepted procedure for designating different 
cations of the same element is to use Roman numerals. The Roman numeral I is used for one positive 
charge, II for two positive charges, and so on. This is called the Stock system. In this system, the Fe2+ 
and Fe3+ ions are called iron(II) and iron(III), and the compounds FeCl2 and FeCl3 are called iron-two 
chloride and iron-three chloride, respectively. 
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Table 9 Names and Formulas of Some Common Inorganic Cations and Anions 

 
Molecular Compounds 
Unlike ionic compounds, molecular compounds contain discrete molecular units. They are usually 
composed of nonmetallic elements. Many molecular compounds are binary compounds. Naming 
binary molecular compounds is similar to naming binary ionic compounds. We place the name of the 
first element in the formula first, and the second element is named by adding “-ide” to the root of the 
element name. Some examples are 

HCl Hydrogen chloride   SiC Silicon carbide 
HBr Hydrogen bromide 

It is quite common for one pair of elements to form several different compounds. In these cases, 
confusion in naming the compounds is avoided by the use of Greek prefixes to denote the number of 
atoms of each element present (Table 10). Consider these examples: 

CO Carbon monoxide   SO3 Sulfur trioxide 
CO2 Carbon dioxide   NO2 Nitrogen dioxide 
SO2 Sulfur dioxide   N2O4 Dinitrogen tetroxide 

These guidelines are helpful when you are naming compounds with prefixes: 

• The prefix “mono-” may be omitted for the first element. For example, PCl3 is named 
phosphorus trichloride, not monophosphorus trichloride. Thus, the absence of a prefix for the 
first element usually means that only one atom of that element is present in the molecule. 

• For oxides, the ending “a” in the prefix is sometimes omitted. For example, N2O4 may be called 
dinitrogen tetroxide rather than dinitrogen tetraoxide. 
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Table 10 Greek Prefixes used in Naming Molecular Compounds 

 
Exceptions to the use of Greek prefixes are molecular compounds containing hydrogen. Traditionally, 
many of these compounds are called either by their common, nonsystematic names or by names that 
do not specifically indicate the number of H atoms present: 

B2H6 Diborane   PH3 Phosphine 
CH4 Methane   H2O Water 
SiH4 Silane  H2S Hydrogen sulfide   NH3 Ammonia 

The figure below summarizes the steps for naming compounds. 

 
Figure 15 Steps for naming ionic and molecular compounds 
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Hydrates 
Hydrates are compounds that have a specific number of water molecules attached to them. For 
example, in its normal state, each unit of copper(II) sulfate has five water molecules associated with 
it. The systematic name for this compound is copper(II) sulfate pentahydrate, and its formula is written 
as CuSO4 .5H2O. The water molecules can be driven off by heating. When this occurs, the resulting 
compound is CuSO4, which is sometimes called anhydrous copper(II) sulfate; “anhydrous” means that 
the compound no longer has water molecules associated with it (see the photo in the margin). Some 
other hydrates are 

BaCl2.2H2O  barium chloride dihydrate 
LiCl.H2O   lithium chloride monohydrate 
MgSO4.7H2O  magnesium sulfate heptahydrate 

Introduction to Organic Compounds 
Compounds with Carbon and Hydrogen only are called hydrocarbons. Hydrocarbons and their 
derivatives are called Organic compounds. The hydrocarbons are used as fuels for domestic and 
industrial heating, for generating electricity and powering internal combustion engines, and as starting 
materials for the chemical industry. 
One class of hydrocarbons is called the alkanes. Table 11 shows the names, formulas, and molecular 
models of the first ten straight-chain alkanes, in which the carbon chains have no branches. Note that 
all the names end with -ane. Starting with C5H12, we use the Greek prefixes in Table 10 to indicate the 
number of carbon atoms present. 
The chemistry of organic compounds is largely determined by the functional groups, which consist of 
one or a few atoms bonded in a specific way. For example, when an H atom in methane is replaced by 
a hydroxyl group (-OH), an amino group (-NH2), and a carboxyl group (-COOH), the following molecules 
are generated: 

 
The chemical properties of these molecules can be predicted based on the reactivity of the functional 
groups. We will frequently use organic compounds as examples to illustrate chemical bonding, acid-
base reactions, and other properties. 

Table 11 The First Ten Straight-Chain Alkanes 
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Examples 
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3. Chang Chapter 2 questions: 2.1, 2.13, 2.14, 2.15, 2.16, 2.17, 2.18, 2.25, 2.26, 2.28, 2.31, 2.33, 

2.34, 2.35, 2.41, 2.42, 2.47, 2.48,  

4. Chang Chapter 2 questions: 2.59, 2.72, 2.73, 2.74,  

5. Draw the structures of  

a. Methanol to pentanol 

b. Methanoic Acid to Pentanoic Acid  

 

 

 

 

 

 

 

Reference books 
The following Books are main textbooks that will be followed throughout the course 

1. General Chemistry – The Essential Concepts, Raymond Chang and Jason Overby, 6th edition. 

2. General Chemistry, Darrell D. Ebbing and Stephen D. Gammon, 9th edition. 

If you find the above books difficult, your HSC chemistry books may be handy at times. 


