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Chemistry

• Chemistry is the study of 
the properties and 
behavior of matter.

• It is central to our 
fundamental 
understanding of many 
science-related fields.



Matter
Matter is anything that has mass and takes up (occupies) space.

Property is any characteristic that allows us to recognize a particular type

of matter and to distinguish it from other types.

Tremendous variety of matter in our world is due to combinations of only

about 100 substances called elements.

A chemical element is a substance made up of only a single type of atom.

Atoms are the building blocks of matter.

In molecules, two or more atoms are joined together in specific shapes.

A compound is made of two or more different kinds of elements.



Matter

Note:  Balls of different colors are used to represent atoms of different elements. 
Attached balls represent connections between atoms that are seen in nature. 
These groups of atoms are called molecules.



Classifications of Matter
Matter can be classified by two fundamental ways according to its

physical state (gas, liquid or solid) or its composition (element,

compound or mixture).

• A sample of matter can be a gas,

a liquid , or a solid.



Classification of Matter Based on Composition

Most forms of matter are not chemically pure. However, we can seperate

these forms of matter into pure substances.

A pure substance is matter that has distinct properties and a composition

that does not vary from sample to sample.

All substances are either elements or compounds.

Elements are substances that cannot be decomposed into simpler

substances. Each element is composed of only one kind of atom.



Classification of Matter Based on Composition

Most elements can interact with other elements to form compounds.

Compounds are substances composed of two or more elements; they

contain two or more kinds of atoms.

The observation that the elemental composition of a compound is

always the same is known as the law of constant composition (or the

law of definite proportions).

Most of the matter consists of mixtures of different substances.

Mixtures are combinations of two or more substances in which each

substance retains its chemical identity.

The substances making up a mixture are called components of mixture.

Some mixtures do not have the same composition, properties, and

appearance throughout. Such mixtures are heterogeneous.

Mixtures that are uniform throughout are homogeneous. Homogeneous

mixtures are also called solutions.



Classification of Matter Based on Composition



Properties of Matter

• Physical Properties can be observed without changing 

a substance into another substance.

◦ Some examples include boiling point, density, mass, or 

volume.

• Chemical Properties can only be observed when a 

substance is changed into another substance.

◦ Some examples include flammability, corrosiveness, or 

reactivity with acid.

• Intensive Properties are independent of the amount of 

the substance that is present.
◦Examples include density, boiling point, or color.

• Extensive Properties depend upon the amount of the 

substance present.
◦Examples include mass, volume, or energy.



Physical and Chemical Changes

• Physical Changes are changes in matter that do not

change the composition of a substance.

◦ Examples include changes of state, temperature, and 

volume.

• Chemical Changes result in new substances.

◦ Examples include combustion, oxidation, and decomposition.



Seperation of Mixtures

Mixtures can be separated based on physical properties of 

the components of the mixture. Some methods used are

filtration.
distillation.
chromatography.



Filtration

In filtration, solid substances 

are separated from liquids 

and solutions.



Distillation

Distillation uses differences in 

the boiling points of 

substances to separate a 

homogeneous mixture into its 

components.



Chromatography

This technique separates substances on the basis of 

differences in the ability of substances to adhere to the 

solid surface, in this case, dyes to paper.



Units of Measurement

Many properties of matter are quantitative so they are

associated with numbers.

The units used for scientific measurements are those of
the metric system. The International System of Units (SI
system) has seven base units from which all other units are
derived.



Units of Measurement

Prefixes convert the base units into units that are appropriate 

for common usage or appropriate measure.



SI Units

Mass

Mass is a measure of the amount of material in an object.

SI uses the kilogram as the base unit. The metric system

uses the gram as the base unit.

Length

Length is a measure of distance. The meter is the base
unit.



SI Units

Temperature
• In general usage, temperature is considered the “hotness and coldness” of an 

object that determines the direction of heat flow.

• Heat flows spontaneously from an object with a higher temperature to an object with 

a lower temperature.

• In scientific measurements, the Celsius and Kelvin scales are most often used.

• The Celsius scale is based on the properties 

of water.

0 C is the freezing point of water.

100 C is the boiling point of water.

• The Kelvin is the SI unit of temperature.

K = C + 273.15

F = 9/5(C) + 32

C = 5/9(F − 32)



Derived SI Units

Volume

• Note that volume is not a base unit for 

SI; it is derived from length (m × m × m 

= m3).

• The most commonly used metric units 

for volume are the liter (L) and the 

milliliter (mL).

A liter is a cube 1 decimeter (dm) long 

on each side.

A milliliter is a cube 1 centimeter (cm) 

long on each side, also called 1 cubic 

centimeter       (cm × cm × cm = cm3).



Derived SI Units

Volume

Common laboratory devices used to measure the

volume of liquid samples.



Derived SI Units

Density
• Defined as the mass of an object per unit volume.
• Density is a physical property of a substance.
• It has units that are derived from the units for mass and 

volume.
• The most common units are g/mL or g/cm3.

𝑫𝒆𝒏𝒔𝒊𝒕𝒚 =
𝒎𝒂𝒔𝒔

𝒗𝒐𝒍𝒖𝒎𝒆



Uncertainty in Measurement

Two kinds of numbers in scientific work: exact and inexact

numbers.

• Exact numbers are counted or given by definition. For 

example, there are 12 eggs in 1 dozen.

• Inexact (or measured) numbers depend on how they 

were determined. Scientific instruments have 

limitations. Some balances measure to ±0.01 g; others 

measure to ±0.0001g.



Uncertainty in Measurement

Accuracy versus Precision

• Accuracy refers to the proximity of 
a measurement to the true value 
of a quantity.

• Precision refers to the proximity of 
several measurements to each 
other.



Significant Figures

• The term significant figures refers to digits that were 

measured.

• When rounding calculated numbers, we pay attention to 

significant figures so we do not overstate the accuracy of 

our answers.

• The greater the number of significant figures, the greater 

is the certainty for the measurement.

How to count significant figures?
1. All nonzero digits are significant.
2. Zeroes between two significant figures are themselves 

significant.
3. Zeroes at the beginning of a number are never significant.
4. Zeroes at the end of a number are significant if a decimal 

point is written in the number.



Significant Figures

• When addition or subtraction is performed, answers are 

rounded to the least significant decimal place.

• When multiplication or division is performed, answers are 

rounded to the number of digits that corresponds to the 

least number of significant figures in any of the 

numbers used in the calculation.

• When rounding-off numbers, look at the leftmost digit to 

be removed:

 If the leftmost digit removed is less than 5, the preceding 

number is left unchanged.

 If the leftmost digit removed is 5 or greater, the preceding 

number is increased by 1.



Dimensional Analysis

• We use dimensional analysis to convert one quantity to 

another.

• Most commonly, dimensional analysis utilizes 

conversion factors (e.g., 1 in. = 2.54 cm).

• A conversion factor is a factor who has the same quantity 

for numerator and denominator.

• We can set up a ratio of comparison for the equality 

either 1 in/2.54 cm or 2.54 cm/1 in.

Conversion of a unit to a desired unit

𝐺𝑖𝑣𝑒𝑛 𝑢𝑛𝑖𝑡 𝑥
𝑑𝑒𝑠𝑖𝑟𝑒𝑑 𝑢𝑛𝑖𝑡

𝑔𝑖𝑣𝑒𝑛 𝑢𝑛𝑖𝑡
= 𝑑𝑒𝑠𝑖𝑟𝑒𝑑 𝑢𝑛𝑖𝑡


