
Chapter 8: Nature of Matter: Elements, Compounds, and Mixtures  
1. Introduction to Matter and Mixtures 

• Most objects and materials around us (such as air, water, food, clothes, books, 
and trees) are made of matter.  

• However, not everything around us is matter; entities like light, heat, electricity, 
thoughts, and emotions do not consist of matter.  

• Most things in our surroundings are not made of a single substance, but are 
formed by mixing two or more substances together.  

2. What Are Mixtures? 
• Definition: When two or more substances are mixed such that each individual 

substance retains its original properties, the resulting combination is called a 
mixture.  

• Scientific Definition: A mixture is formed when two or more substances are 
combined together in such a way that each individual substance completely 
retains its original physical and chemical properties 

• Components: The individual substances that make up a mixture are called its 
components.  

• Chemical Nature: The components of a mixture do not react chemically with 
each other. In science, all the components combined to form a mixture must be 
pure substances.  

3.Types of Mixtures: 
o Non-uniform (Heterogeneous) Mixtures: Mixtures where the different 

components are generally visible with the naked eye or through a 
magnifying device (e.g., sprout salad containing green gram, chickpeas, 
onion, and tomato; sand and water).  

o Uniform (Homogeneous) Mixtures: Mixtures where the components are 
evenly distributed throughout and cannot be distinguished or seen 
separately even under a microscope (e.g., a solution of sugar and water, 
seawater).  

A. Special Uniform Mixtures: Alloys 
• Alloys: Alloys are uniform solid mixtures consisting of two or more metals, or a 

metal mixed with a non-metal. They are mixed so perfectly that the entire mass 
appears completely identical throughout..  

• Examples: 
o Stainless Steel: Contains iron, nickel, chromium, and a small amount of 

carbon.  
o Brass: A mixture of copper and zinc.  
o Bronze: A mixture of copper and tin.  

• Our Scientific Heritage: Ancient Indian texts (such as Charaka Samhita, Susruta 
Samhita, Rasaratna Samucchaya, and Rasa Jala Nidhi) refer to alloy mixtures as 
Mishraloha, noting that they possess properties distinct from their constituent 



metals. For instance, Bronze (Kamsya)—made of 4 parts Copper (Tamra) and 1 
part Tin (Vanga)—was historically used to improve digestion and boost immunity.  

B. Is Air a Mixture? 
• Air is a uniform mixture composed primarily of nitrogen (~78%), oxygen, argon, 

carbon dioxide, and water vapour.  
• Properties of Air Components: Oxygen supports combustion and is required by 

living beings to stay alive, whereas nitrogen does not take part in combustion.  
• Water Vapour: The presence of water vapour is confirmed when warm air 

touches a cool surface, causing the invisible vapour to condense into visible 
liquid water droplets.  

 
 

➢ Confirming the Presence of Carbon Dioxide (Activity 8.1) 
To scientifically prove that air contains carbon dioxide, a specific chemical test is 
performed:  

• Preparation of Lime Water: A small amount of calcium oxide (quick lime) 
is carefully added to a glass tumbler half-filled with water. This causes a 
vigorous reaction that releases heat and forms a solution of calcium 
hydroxide. Once filtered, this clear, colourless solution is called lime 
water.  

• The Exposure Test: The clear lime water is poured into a petri dish and left 
exposed to the open air for a few hours, with occasional stirring.  

• The Chemical Change: The colourless solution gradually turns milky 
white.  

• Scientific Deduction: This milkiness occurs because the invisible carbon 
dioxide gas in the air reacts chemically with the calcium hydroxide to form 
tiny, insoluble white particles of calcium carbonate, alongside water.  

• Word Equation: Calcium hydroxide + Carbon dioxide}        Calcium 
carbonate + Water.  

➢ B. Suspended Impurities and Air Quality (Activity 8.2) 
• Testing for Dust: By placing a perfectly clean, black sheet of paper near an open 

window or in a garden for a few hours, one will notice tiny particles settling on its 
surface, which can be examined with a magnifying glass.  

• Pollutants: These suspended particles (like dust and soot) are not an integral, 
natural part of the air; they are considered pollutants. Their presence varies 
drastically from place to place and time to time.  

• The AQI: The Air Quality Index (AQI) is the standard tool used to measure and 
describe how polluted the air is. Aside from particulate matter, major gaseous 
pollutants include carbon monoxide, ozone, nitrogen dioxide, and sulfur dioxide.  

 
4. Comprehensive Classification of Mixtures 
Mixtures are categorised based on the physical state (solid, liquid, or gas) of the pure 
substances being combined.  

Mixture Type Scientific Examples Uniformity 



Gas and Gas Air (Nitrogen, Oxygen, etc.)  Uniform  
Gas and Liquid Aerated water (soda water); Oxygen dissolved in 

water  
Uniform  

Solid and Gas Carbon particles suspended in air (Smoke)  Non-
uniform  

Liquid and 
Liquid 

Acetic acid completely dissolved in water (vinegar)  Uniform  

Liquid and 
Liquid 

Oil mixed with water  Non-
uniform  

Solid and 
Liquid 

Seawater (dissolved salts)  Uniform  

Solid and 
Liquid 

Sand mixed in water  Non-
uniform  

Solid and Solid Alloys (e.g., Brass, Bronze)  Uniform  
Solid and Solid Baking powder (a dry mix of baking soda and 

tartaric acid)  
Uniform  

 
5. What Are Pure Substances? 

• Common Usage vs. Scientific Truth: In everyday language, a consumer might 
buy milk, ghee, or turmeric labeled as "pure". In this context, "pure" merely 
means unadulterated—free from cheap, illegal additives meant to increase 
volume and reduce manufacturing costs, which pose health hazards.  

• The Scientific Meaning: For a scientist, milk and packed fruit juices are actually 
impure mixtures because they contain water, fats, proteins, and sugars. 
Scientifically, a pure substance is a specific kind of matter that has no other 
distinct substances mixed into it. It consists of only one single type of particle, 
and it absolutely cannot be separated into different kinds of matter using any 
physical separation process.  

• Pure substances are strictly classified into two categories: Elements and 
Compounds.  

• 4. Types of Pure Substances 
A. Elements 

• Definition: Elements are pure substances that cannot be broken down any 
further into simpler substances by chemical reactions. They serve as the 
fundamental building blocks of all matter.  

• Atoms and Molecules: Each element consists of identical particles called 
atoms. Since most atoms cannot exist independently, two or more atoms 
combine to form a stable particle called a molecule (e.g., two hydrogen atoms 
form a hydrogen molecule; two oxygen atoms form an oxygen molecule).  



• Classification: Elements are classified into metals (e.g., gold, silver, 
magnesium, iron, aluminium, mercury), non-metals (e.g., carbon, sulfur, 
hydrogen, oxygen, bromine), and metalloids (elements like silicon and boron 
that possess intermediate properties between metals and non-metals).  

• Key Facts on Elements: 
o There are 118 known elements.  
o Most elements exist in the solid state.  
o 11 elements exist as gases at room temperature (all are non-metals like 

helium, nitrogen, oxygen).  
o Only two elements are liquid at room temperature: Mercury (a metal) 

and Bromine (a non-metals). Gallium and caesium melt into liquids at 
around 30°C (303 K).  

o Over 45 different elements are utilized to manufacture a modern mobile 
phone.  

A. Electrolysis of Water (Activity 8.3) 
To understand elements, we must attempt to break down a pure substance.  

1. The Setup: A glass beaker is filled 2/3rd with water, and a few drops of dilute 
sulfuric acid are added. Two small test tubes are completely filled with this water 
and carefully inverted over the terminals of a 9V battery submerged in the beaker.  

2. The Process: As electric current passes through the liquid for 10-15 minutes, 
distinct gas bubbles form at both battery terminals and collect in the test tubes. 
The volume of gas collected is not identical in both tubes.  

3. Testing the Gases: These gases are not steam (water vapour) because they do 
not condense back into a liquid. When a burning candle is brought near the 
mouth of the first tube, a distinct 'pop' sound occurs, confirming the presence of 
hydrogen gas. When brought near the second tube, the candle flame glows 
much brighter, confirming the presence of oxygen gas.  

4. Conclusion: Water chemically breaks down into two distinct pure substances: 
Hydrogen and Oxygen.  

 
B. Compounds 

• Definition: Compounds are pure substances formed when different elements 
combine chemically in a fixed ratio.  

• Properties: The properties of a compound are entirely different from the 
individual elements that form it. Furthermore, constituent elements of a 
compound cannot be separated by any physical method.  

• Example 1: Water (H2O): 
o Passing electricity through water (electrolysis, Activity 8.3) breaks it down 

into two elements: hydrogen and oxygen in a fixed atomic ratio of 2:1.  
o Fascinating Contrast: Hydrogen is a combustible fuel, oxygen supports 

combustion, but the compound they form (water) extinguishes fire.  



o Gas Testing: Hydrogen burns with a distinctive 'pop' sound, while oxygen 
makes a burning candle flame glow brighter.  

• Example 2: Sodium Chloride (Common Salt): 
o Formed from sodium (a soft metal) and chlorine (a hazardous gas) 

combined in a 1:1 ratio to create a harmless, essential taste-enhancing 
compound.  

• Example 3: Sugar: (Activity 8.4): 
o When a teaspoon of dry sugar is placed in a boiling tube and heated 

gently over a spirit lamp, it undergoes a chemical change.  
o The sugar first turns brown, and upon continuous heating, it chars, 

leaving behind a blackish residue of pure carbon (charcoal).  
o Simultaneously, tiny water droplets condense on the inner walls near the 

open end of the tube. Since the sugar was completely dry, this water must 
have originated from the chemical decomposition of the sugar itself, not 
from the air.  

o Because heating decomposes sugar into carbon and water (which is 
made of hydrogen and oxygen), sugar is definitively proven to be a 
chemical compound consisting of three elements: carbon, hydrogen, and 
oxygen.  

o .  
6. Detailed Comparison: Mixtures vs. Compounds (The Iron & Sulfur Experiment) 
Activity 8.5 demonstrates the clear scientific differences between a mixture and a 
compound using iron filings and sulfur powder:  

• Sample A (Mixture): 
o Preparation: Exactly 5.6 grams of iron filings (a grey metal) and 3.2 grams 

of sulfur powder (a yellow non-metal) are thoroughly mixed together on a 
watch glass to form "Sample A".  

o  Appearance: This is a non-uniform mixture. The individual blackish-grey 
and yellow particles can still be seen as separate substances.  

o  Magnet Test: Because the elements retain their individual properties, 
passing a magnet over Sample A causes the iron filings to be strongly 
attracted and pulled out, effectively separating the mixture.  

o Chemical Gas Test: Taking a small portion of Sample A in a test tube and 
adding dilute hydrochloric acid produces a chemical reaction purely with 
the iron. This reaction yields iron chloride and releases hydrogen gas. The 
evolved gas is colourless, completely odourless, and yields a sharp 'pop' 
sound when exposed to a flame. The unreactive yellow sulfur is simply left 
behind at the bottom of the tube.  

o Equation: IronDilute+ Hydrochloric acid =Iron chloride +Hydrogen gas. 
 

• Sample B (Compound - Iron Sulfide): 



•  Preparation: The remaining half of Sample A is placed in a china 
dish over a burner and heated intensely with continuous stirring. The 
heat forces a chemical reaction, forming a solid black mass. Once 
cooled, this mass is ground in a mortar with a pestle to form "Sample 
B".  

•  Appearance: Unlike the mixture, this black mass (which is now the 
compound iron sulfide) is perfectly uniform in both texture and colour 
throughout. The distinct iron and sulfur particles are gone.  

•  Magnet Test: Passing a magnet over Sample B has absolutely no 
effect. The iron has chemically bonded with the sulfur, permanently 
losing its magnetic property, meaning the elements can no longer be 
separated physically.  

•  Chemical Gas Test: When dilute hydrochloric acid is added to 
Sample B, the entire compound reacts. This reaction yields iron 
chloride and a completely new gas: hydrogen sulfide. While 
colourless, this gas is distinctly identifiable by its foul, rotten egg-like 
odour.  

• Equation: Iron sulfide +Dilute Hydrochloric acid=Iron chloride} + 
Hydrogen sulfide. 

7. Minerals and Natural Matter 
• Minerals: Natural, solid substances found on Earth with a fixed chemical 

composition. Most rocks are mixtures of multiple minerals.  
• Native Minerals: Pure elements found uncombined in nature (e.g., native metals 

like gold, silver, copper, or non-metals like sulfur and carbon).  
• Compound Minerals: Most minerals are compounds made of multiple elements 

(e.g., quartz, calcite, mica, pyroxene, olivine, talc). Everyday items like cement 
(made from calcite, quartz, alumina, and iron oxide) and talcum powder rely 
directly on minerals.  

8. Chapter Summary Snapshot 
• Mixture: Formed by mixing two or more substances physically; components 

retain individual properties and do not undergo chemical reactions.  
• Pure Substance: Consists of identical particles that behave identically; 

classified strictly as either an element or a compound.  
• Element: The simplest building blocks of matter that cannot be broken down 

further.  
• Compound: Formed by chemical combination of different elements in a fixed 

ratio, resulting in entirely new properties.  
9. Real-World Applications and Innovations 

• Everyday Reliance: The air we breathe is a gaseous mixture; the water essential 
for our survival is a chemical compound; and elements like iron and aluminium 
form the structural backbone of our bridges, buildings, and vehicles.  

• Chemical Innovations: By studying how elements bond into compounds, 
chemists invent life-saving medical drugs, vaccines, and advanced agricultural 
fertilisers required to feed the expanding global population.  



• Material Science Engineering: Engineers leverage mixtures and compounds to 
design highly specific materials. They combine elements to form durable alloys 
like stainless steel, or utilize complex natural mixtures like wood, structural 
steel, and building concrete.  

• Graphene Aerogel: A prime example of modern material science is graphene 
aerogel, a material engineered purely from the element carbon. It holds the 
record as the lightest material on Earth—so light that it can be balanced on 
blades of grass. Because it is intensely porous, it possesses massive absorption 
capabilities, making it ideal for cleaning up catastrophic oceanic or terrestrial oil 
spills, manufacturing energy-saving devices, and developing specialised 
architectural coatings.  

10. The Science of Minerals and Natural Art 
• Geological Mixtures: In nature, most geographical rocks are essentially large 

mixtures of various minerals. These mineral components can often be seen with 
the naked eye, a simple magnifying glass, or a microscope.  

• Native Minerals: While rare, some minerals exist in nature as pure, uncombined 
elements rather than compounds. These are known as native minerals and 
include metals like pure gold, silver, and copper, as well as non-metals like 
natural sulfur and carbon.  

• Compound Minerals: The vast majority of earthly minerals are chemical 
compounds composed of multiple bonded elements. Prominent geological 
examples include quartz, calcite, mica, pyroxene, olivine, and talc.  

• Industrial Extraction: Everyday items rely on these minerals. For instance, 
commercial cement is synthesized using calcite, quartz, alumina, and iron oxide, 
while cosmetic talcum powder is processed directly from the mineral talc.  

• Cultural Application (Dhokra Art): The intersection of chemistry and human 
culture is visible in Dhokra art, an ancient traditional craft originating from Bihar 
and Odisha. Artisans sculpt intricate, nature-inspired figures using beeswax. This 
wax is then heavily coated in natural clay to form a rigid mould. Once the clay 
fully hardens, it is heated so the wax melts and drains away, leaving a precise 
hollow cavity. This cavity is subsequently filled with molten uniform alloy 
mixtures (either brass or bronze), resulting in a highly durable, brilliant golden-
coloured statue that reflects vibrant tribal creativity 

 
 


