Final Exam Study Guide:
8th Grade Science

Key Concepts to Master

o Unit1: Atoms & The Periodic Table
« Atomic Models & Subatomic Particles (Protons, Neutrons, Electrons)
o The Structure of the Periodic Table (Groups, Periods, Element Families)
« Valence Electrons & lon Formation (Cations, Anions)
« Special Element Groups (Lanthanides, Actinides, Transuranium)
o Acids & Bases (Properties, PH Scale, Neutralization Reactions)
« Unit 2: Chemical Reactions
o Mixtures & Solutions (Homogeneous, Heterogeneous, Separation Methods)
« Concentration & Solubility (Factors Affecting Solubility)
« Physical vs. Chemical Changes & Evidence of Reactions
o Exothermic & Endothermic Processes
« Factors Affecting Reaction Rates
« Types of Chemical Reactions (Synthesis, Decomposition, Replacement)
« Producing Useful Materials (Natural vs. Synthetic, Polymers)

Smart Study Tips for Success

. Start Early: Begin reviewing your notes and textbook chapters well in advance of the exam date.
Avoid last-minute cramming!

« Active Recall: Instead of passively re-reading, actively test yourself. Flashcards, self-quizzing, or
explaining concepts aloud to a friend are highly effective.

. Practice Problems: Work through all practice problems, worksheets, and quizzes from class.
Understand the steps and reasoning behind each solution.

. Review Diagrams & Models: Pay close attention to atomic models, the periodic table structure,
chemical bond illustrations, and reaction diagrams. Visual aids are crucial.

. Identify Weak Areas: As you study, note down topics you find challenging. Dedicate extra time to
these areas and seek clarification from your teacher.

« Form a Study Group: Collaborating with classmates can help clarify difficult concepts and offer new
perspectives.

« Prioritize Rest: Ensure you get adequate sleep in the days leading up to the exam. A well-rested mind
performs best.

. Stay Hydrated: Keep a water bottle handy during your study sessions and on exam day.

Good luck with your studies! You've got this!
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The Atomic Theory

1. Dalton's Model (1803)

Atoms are tiny, indivisible, and indestructible
spheres. All atoms of a given element are identical
in mass and properties. Dalton believed that matter
is composed of these fundamental building blocks,
and that different elements have atoms with
different masses. This model established the
foundation for modern chemistry but couldn't
explain electrical properties or radioactivity.

A solid, indivisible blue sphere.

3. Rutherford's Model (1911)

Through the famous gold foil experiment, Rutherford
discovered that atoms are mostly empty space
with a tiny, dense, positively charged nucleus at
the center. Electrons orbit this nucleus in the vast
empty space around it, like planets orbiting the sun.
This model explained why most alpha particles
passed through the foil unchanged, but a few
bounced back from the dense nucleus.

5. Quantum/Cloud Model (Modern)

2. Thomson's Model (1904)

Discovered electrons through cathode ray
experiments, proving atoms have internal structure.
Thomson proposed the ‘plum pudding” model:
electrons were embedded in a sphere of positive
charge like plums in pudding. This model explained
how atoms could be electrically neutral despite
containing negative electrons, but it incorrectly
suggested a continuous positive charge
distribution.

Pink sphere with embedded negative electrons. .

4. Bohr's Model (1913)

Building on Rutherford's nuclear model, Bohr
proposed that electrons don't orbit randomly but

occupy specific, quantized energy levels or shells
around the nucleus.

Central yellow nucleus (+) surrounded by an electron probability cloud. The modern quantum mechanical model (1920s-1930s)
replaced fixed orbits with electron orbitals—regions where electrons are most likely to be found.
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Subatomic Particles: The Building Blocks

Atoms, once thought indivisible, are actually made of even smaller particles. These
subatomic particles determine an atom's identity and how it interacts.

The Main Subatomic Particles

Proton +1 1amu Nucleus

Neutron 0 (neutral) 1 amu Nucleus
Electron -1 ~0 amu Electron Cloud
Atomic Number (2)

The number of protons in an atom's nucleus. It
defines the element.

The total number of protons and neutrons in an
atom’s nucleus.

Isotopes

Atoms of the same element (same number of
protons) with different numbers of neutrons
(different mass numbers).

Simplified model showing the nucleus (protons & neutrons) and orbiting
electrons.

Navigating the Periodic Table

Groups (Vertical Columns) Periods (Horizontal Rows)

These are the vertical columns. Elements in the These are the horizontal rows. Elements in the same
same group share similar chemical properties period have the same number of electron shells,
because they have the same number of valence with the number of protons and electrons increasing
electrons. as you move left to right.
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Reading an Element Box

r )

6 Atomic Number: Number of protons.
Element Symbol: One or two letter
abbreviation.

Carbon Element Nome
12.011 Atomic Mass: Average mass of
) isotopes.
\. J

The Periodic Table: Groups & Properties

Key: Blue: Metals Green: Transition Metals Orange: Mixed Groups Red: Nonmetals Purple: Noble Gases
Group I: Alkali Metals Group 2: Alkaline Earth Metals
Highly reactive metals. 1valence electron, forms +1ions. Reactive metals, harder than Group 1. 2 valence electrons,
Soft, silvery. forms +2 ions.
Ex: Li,Na, K Ex: Be, Mg, Ca

Groups 3-12: Transition Metals

Located in the d-block of the periodic table, these metals are known for their high strength, hardness, and high melting
points. They are excellent conductors of heat and electricity and often form colorful compounds. Many transition metals
exhibit multiple oxidation states and serve as crucial catalysts in various industrial and biological processes.

Ex: Iron (Fe), Copper (Cu), Nickel (Ni), Gold (Au), Zinc (Zn), Chromium (Cr)

Group 13: Boron Group Group 14: Carbon Group

Mixed group. Boron (metalloid), rest are metals. 3 valence Mixed: C (nonmetal), Si, Ge (metalloids), Sn, Pb (metals). 4
electrons. valence electrons.

Ex: B, Al, Ga Ex € Sisn

Group 15: Nitrogen Group Group 16: Oxygen Group

Mixed: N, P (nonmetals), As, Sb (metalloids), Bi (metal). 5 Mixed: O, S, Se (nonmetals), Te (metalloid), Po (metal). 6
valence electrons. valence electrons.

Ex:N, P, As ExAOFSESe

Group 17: Halogens Group 18: Noble Gases

Highly reactive nonmetals. 7 valence electrons, readily Unreactive nonmetals (inert gases). Full valence shell,
form -1ions. making them very stable.

EXEAEINBH Ex: He, Ne, Ar
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Lanthanides, Actinides & Transuranium Elements

Beyond the main body of the periodic table lie two special series, the Lanthanides and Actinides, along with
a unique group called Transuranium elements. They exhibit distinct properties and play crucial roles in
science and technology.

-
1. Lanthanides (Rare Earth Elements) 2. Actinides
These 15 metallic chemical elements (atomic These 15 metallic chemical elements (atomic
numbers 57-71) are often called 'rare earth numbers 89-103) are all radioactive. Only thorium
elements. They are soft, silvery-white metals that and uranium occur naturally in significant
tarnish rapidly in air, are good conductors of quantities; the rest are synthetic. They are heavy,
electricity, and have similar chemical properties, silvery metals with high densities and melting
making them difficult to separate. Essential in points. Primarily used in nuclear energy, nuclear
modern technology (magnets, lasers, catalysts). weapons, and smoke detectors.
Examples: Cerium (Ce), Neodymium (Nd), Europium (Eu). Examples: Uranium (U), Plutonium (Pu), Americium (Am).
\.
e ™

3. Transuranium Elements

These are all elements with atomic numbers
greater than 92 (Uranium). They are all synthetic
(man-made) and radioactive, with generally very
short half-lives, making them challenging to study.

Examples: Neptunium (Np), Plutonium (Pu), Californium (Cf).
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Valence Electrons & Element Behavior

What Are Valence EIeCtronS? Group 1 Group 17 Group 18 Electrons Increase
Alkali Metals Halogens Noble Gases Left to Right
. st s?p° s?p® Across Periods
Valence electrons are the electrons in the P P '

outermost shell of an atom. They are key to
understanding chemistry because they
determine how an element will interact and
bond with other elements.

1 electron \7 electrons/8 electrons determines

Valence Electrons
Determine

. Chemical Properti

For the main group elements, the group SESEIGhetEs

number on the periodic table tells you exactly

how many valence electrons an atom has.

This diagram shows how valence electrons correspond to an element's
group in the periodic table.

Classilying the Elements

( 1\ ( 1\ é

Metals Nonmetals Metalloids
« Tend to lose valence electrons « Tend to gain or share electrons « Have properties of both metals
« Good conductors » Poor conductors and nonmetals
. Iuster(Shiny), malleable, ductile « Dull, brittle « Semi-conductors
« Solid at room temp (except Hg) « Can be solid, liquid, or gas « Can be shiny or dull

Ions: Charged Atoms

Atoms normally have an equal number of protons and electrons, making them electrically neutral.
However, atoms can gain or lose electrons, resulting in a net electrical charge. These charged atoms are

called ions.
Cations: Positive lons Anions: Negative lons
Formed when an atom loses one or more electrons. Formed when an atom gains one or more electrons.
Since electrons are negative, losing them leaves the This gives the atom more electrons than protons,
atom with more protons than electrons, resulting in a resulting in a net negative charge. Typically
net positive charge. Typically metals form cations. nonmetals form anions.
Example: Na (11p, 11e) — Na* (11p, 10e) Example: Cl (17p, 17e) — Cl-(17p, 18e)
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Common lons & Their Charges

Sodium (Na) +1 Losing 1 electron
Calcium (Ca) +2 Losing 2 electrons
Aluminum (Al) +3 Losing 3 electrons

Chlorine (ClI) -1 Gaining 1 electron

Oxygen (O) -2 Gaining 2 electrons

Chemical Bonds

lonic Bonds: The Givers Covalent Bonds: The Sharers
Formed when one atom transfers one or more Formed when atoms share one or more pairs of
electrons to another. This creates charged electrons. This sharing creates a stable bond
particles called ions, which are then attracted to that holds the atoms together in a molecule.
each other.

Example: Two Hydrogen (H) atoms share
Example: Sodium (Na) gives an electron to electrons with one Oxygen (O) atom to form Hz0
Chlorine (CI) to form NaCl (table salt). (water).

& &

- . ..

Visualizing Bonds: From equal sharing (non-polar covalent) to a full transfer (ionic).

Property lonic Compounds Covalent Compounds

Electron Behavior Transferred Shared
Melting/Boiling Point High Low
State at Room Temp Solid (crystalline) Liguid or Gas
Conductivity (in water) Good Conductor Poor Conductor
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Covalent Bonds: Sharing Electrons

Unlike ionic bonds where electrons are transferred, covalent bonds are formed when atoms
share pairs of electrons to achieve a stable electron configuration, typically a full outer shell.

Types of Covalent Bonds
Single Bond Triple Bond
One pair of electrons is shared Two pairs of electrons are shared Three pairs of electrons are shared
between two atoms. Represented between two atoms. Represented between two atoms. Represented
by a single line. by two parallel lines. by three parallel lines.
Example: H> (Hydrogen) Example: 02 (Oxygen) Example: N (Nitrogen)

o—=oO O O O O

Bond Strength & Length

The strength of a covalent bond is determined by the number of shared electron pairs.
« Triple bonds are the strongest and shortest.
« Double bonds are intermediate in strength and length.
« Single bonds are the weakest and longest.

Polar vs. Nonpolar Covalent Bonds

Nonpolar Covalent Polar Covalent

Occurs when electrons are shared equally between Occurs when electrons are shared unequally

two atoms, usually when electronegativity difference between two atoms due to a significant difference in
is small or zero (identical atoms). electronegativity. This creates partial positive (5+)

and partial negative (6-) charges.
Examples: H-H, CI-Cl, 0=0
Examples: H-Cl, H-F, H20

Equal sharing, symmetric electron cloud. C 4 C

Unequal sharing, creating partial charges.

The pH Scale: Acidity & Alkalinity

The pH scale is a tool used to measure how acidic or basic (alkaline) a substance is. The
scale ranges from 0 to 14.

« A substance with a pH less than 7 is considered acidic.

« A substance with a pH of exactly 7 is neutral.

« A substance with a pH greater than 7 is considered basic or alkaline.
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Acids & Bases: Understanding Chemical Properties

Acids and bases are fundamental chemical compounds with distinct properties that impact
everything from our biology to industrial processes.

What are Acids? What are Bases?
Definition: Produce hydrogen ions (H*) when Definition: Produce hydroxide ions (OH-) when
dissolved in water. They are proton donors. dissolved in water. They are proton acceptors.

« Taste: Sour - Taste: Bitter

. Feel: Corrosive, can burn skin . Feel: Slippery (e.g, soap)

« Litmus Test: Turn blue litmus paper red « Litmus Test: Turn red litmus paper blue

. Reaction: React with metals to produce H: « Reaction: React with acids to form salt and

gas. water.

Examples: Hydrochloric acid (HCI), Sulfuric acid (H2S04), Acetic Examples: Sodium hydroxide (NaOH), Potassium hydroxide
acid (CHsCOOH). (KOH), Ammonia (NH3).

Neutralization Reactions

A neutralization reaction occurs when an acid and a base react to form water and a salt. This reaction
typically involves the combination of H* ions from the acid and OH~ ions from the base to produce H:z0,
with the remaining ions forming a salt.

General Equation: Acid + Base — Salt + Water

Example 1: Hydrochloric Acid & Sodium Hydroxide Example 2: Sulfuric Acid & Potassium Hydroxide
HCl(ag) + NaOH(aq) — NaCl(aq) + H20(1) H2S04(aq) + 2KOH(aq) — Kz2S0s(aq) + 2H20(1)
Hydrochloric acid reacts with sodium hydroxide to Sulfuric acid reacts with potassium hydroxide to
form sodium chloride (table salt) and water. form potassium sulfate and water.
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Mixtures & Solutions

In chemistry, a mixture is a substance containing two or more different substances not chemically
bonded together. Understanding mixtures is crucial for many scientific and everyday applications.

Types of Mixtures

7

\

Homogeneous Mixtures

Have a uniform composition throughout.
Components are evenly distributed and
indistinguishable, appearing as a single phase.

Examples: Saltwater, Air, Brass.

7

Heterogeneous Mixtures

Have a non-uniform composition. Components
are not evenly distributed and can be easily

distinguished, often appearing as multiple
phases.

Examples: Sand and water, Oil and water, Salad.

Methods for Separating Mixtures

Different physical properties of components allow for various separation techniques.

Filtration: Separates insoluble solids from liquids.

Evaporation: Separates a soluble solid from a liquid by boiling the liquid off.
Magnetism: Separates magnetic substances from non-magnetic ones.

Classifying Mixtures

Solutions

Homogeneous mixtures where one
substance (solute) is dissolved in
another (solvent). Particles are
extremely small and do not settle.

Example: Sugar water
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Colloids

Heterogeneous mixtures with
particles larger than solutions but
smaller than suspensions. They
scatter light. but do not settle.

Example: Milk, Fog

Suspensions

Heterogeneous mixtures with large
particles that settle out over time.
Can be separated by filtration.

Example: Muddy water




Concentration & Solubility

Concentration: What Is It?

Definition: Concentration refers to the amount of solute dissolved in a specific
amount of solvent or solution. It measures how "strong" or "weak" a solution is—how
much of the dissolved substance is present in the mixture.

Solubility: How Much Can Dissolve?

Solubility is the maximum amount of solute that can dissolve in a solvent at a specific temperature and

pressure.
Factors Affecting Solubility
Nature of Solute & Solvent Temperature
"Like dissolves like" - Polar solvents dissolve polar Solids: Solubility increases with temperature.
solutes; nonpolar solvents dissolve nonpolar solutes. Gases: Solubility decreases with temperature.

Pressure's Effect on Solubility

Gases Liquids & Solids
Solubility is directly proportional to gas pressure Pressure changes have a negligible effect on
(Henry's Law). Higher pressure = more gas solubility of liquids and solids.
dissolved.
Example: Soda bottle pressure releases CO2 Example: Pressure doesn't affect salt dissolving in water
Low Pressure High Pressure Pressure Effect: Negligible
o o L ¢ o ®
[ ] .. . [ ] R .
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Chemical Change: Reactions & Rates

Chemistry is all about change! Understanding the difference between physical and chemical
changes, how reactions occur, and what influences their speed is fundamental.

Physical vs. Chemical Changes

Physical Changes

Alter a substance's appearance but not its chemical
composition. The substance remains chemically the
same.

» No new substances are formed.

» Often reversible.

Examples: Melting ice, dissolving sugar, crushing a can.

Chemical Changes

Result in the formation of new substances with
different chemical properties.
e Bonds are broken and new bonds are formed.
« Often irreversible.

Examples: Burning wood, rusting iron, cooking an egg.

Evidence of Chemical Reactions

« Color Change: A new color appears.

« Gas Production: Bubbles are formed (not from boiling).
« Precipitate Formation: A solid forms in a liquid solution.
« Heat orLight Change: Energy is released (exothermic) or absorbed (endothermic).

« Odor Change: A new smell is detected.

Exothermic & Endothermic Reactions

Exothermic Reactions

Release energy, usually as heat or light. The
products have lower energy than the reactants.
Example: Burning fuel, rusting of iron.

Energy
Energy Released

Reactants
- Products

Progress

Endothermic Reactions

Absorb energy from the surroundings, usually as
heat. The products have higher energy than the
reactants.

Example: Photosynthesis, instant cold packs.

Energy
Energy Absorbed
Products
Reactants -
Progress

Factors Affecting Reaction Rates

- Temperature: Increasing temperature generally increases reaction rate (particles move faster, more

collisions).

« Concentration: Higher concentration of reactants usually leads to a faster rate (more particles in a given

volume, more coIIisions).

« Surface Area: For solids, increasing surface area (e.g., crushing a lump) increases reaction rate (more sites

for reaction).

» Catalysts: Substances that speed up a reaction without being consumed, by lowering the activation energy.
« Pressure: For gaseous reactions, increasing pressure increases reaction rate (particles are closer, more

frequent collisions).

TeachShare



Modeling Chemical Reactions

Chemical reactions are processes that involve rearrangement of the molecular or ionic
structure of a substance. Understanding how to model these reactions is crucial in chemistry.

1. Chemical Formulas & Equations

A chemical formula (e.g.,, H-0) shows the types and numbers of atoms in a compound. A chemical
equation uses formulas to describe a chemical reaction, showing reactants (starting materials) on the
left and products (new substances) on the right, separated by an arrow.

This law states that matter cannot be created or destroyed in a chemical reaction. Therefore, the total
mass of the reactants must equal the total mass of the products. This applies to both closed and open

systems.

Ql: What does the Law of Conservation of Mass imply for chemical reactions?

3. Types of Chemical Reactions

Synthesis (Combination) Decomposition

Two or more reactants combine to form a single A single compound breaks down into two or more
product. (A + B -~ AB) simpler substances. (AB - A + B)

Ex: 2Hz(g) + 02(g) — 2H=20(I) Ex: 2H20() - 2Hz(g) + 02(g)

Replacement

One element replaces another in a compound. (A +
BC - AC + B)

Ex: Zn(s) + 2HCl(aq) — ZnClz(aq) + Hz(g)

Q2: Classify the reaction: 2KCIOs(s) — 2KCI(s) + 302(g)
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Producing Useflul Materials

From the clothes we wear to the energy we use, materials shape our world. This page explores

how we classify and create these essential substances.
Natural Resources vs. Synthetic Materials

Synthetic Fibers (Textiles)

Engineered for specific properties like strength,
elasticity, wrinkle resistance, and quick-drying.
Revolutionized clothing and industrial applications.

Examples: Nylon (ropes, clothing), Polyester (fabrics, bottles),
Spandex (stretch wear).

Synthetic Medicines (Pharmaceuticals)

Chemically synthesized drugs designed to treat
diseases, relieve symptoms, or prevent iliness.
Precise formulations and often more effective than
natural remedies.

Examples: Aspirin (pain relief), Penicillin (antibiotic), Insulin
(diabetes management).
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Natural Resources Synthetic Materials
Materials found in nature, unaltered by humans. Materials created by humans through chemical
They are finite and their extraction can have processes, often from natural resources, but
environmental impacts. fundamentally changed. Offer properties not found
Examples: Wood, crude oil, minerals, water. in nature.
Examples: Plastics, medicines, synthetic fibers.
. J \. J
Introduction to Polymers
Polymers are large molecules made up of repeating smaller units called monomers. This chain-like structure
gives them unique properties like flexibility, strength, and durability.
( 2 ( D
- 0000
Monomer Polymer Chain
9 J . J
Ql: What is the repeating unit of a polymer called? (Monomers form a polymer chain)
\ J
Key Synthetic Materials & Their Impact
4 )

Synthetic Food (Additives, Alternatives)

Includes food additives (preservotives, colorants,
flavor enhancers) and alternative protein sources.
Aims to improve shelf-life, taste, nutrition, or
sustainability.

Examples: Aspartame (sweetener), Monosodium Glutamate (MSG),
Plant-based meat alternatives.

Synthetic Fuel (Fossil Fuels, Biofuels)

Energy sources derived through chemical
processes. Fossil fuels are naturally occurring but
processed. Biofuels are derived from biomass and
chemically converted.

Examples: Gasoline (from crude oil), Ethanol (from corn/sugarcane),
Biodiesel.

Q2: What is a key environmental concern with synthetic fossil fuels?

\




Solar System and the Universe
Lesson 3: Stars - Cosmic Engines of Light and Life

Stars are the fundamental building blocks of galaxies, cosmic powerhouses that create and distribute
elements throughout the universe. Their birth, life, and death cycles drive the evolution of everything we

see.

1. Star Formation: From Nebulae to Protostars

Stars begin their lives as dense clumps within vast clouds of gas and dust called nebulae. Gravity pulls
this material together, causing it to heat up and form a protostar. When the core reaches about 15 million

degrees Celsius, nuclear fusion ignites, and a new star is born.

QI: What is the initial stage of star formation?

2. Stellar Characteristics & Classification

Stars vary greatly in: @ A
Luminosity (Brightness): Total energy emitted. Hertzsprung-Russell (H-R) Diagram

« Temperature: Determines color (blue-hot, red-cool).

« Mass: Most crucial factor determining a star's life cycle.
« Size: From tiny white dwarfs to enormous supergiants.

Plots a star's luminosity vs. its surface temperature
(or spectral type). Shows stellar evolution.

‘Gidhts

Lum Main Seq.
Dwarfs
& Temp 3
3. Life Cycles of Stars: Stellar Evolution
g \ [ )
Low-Mass Stars (like our Sun) High-Mass Stars (e.g., > 8 solar masses)
Nebula - Protostar — Main Sequence (stable fusion Nebula - Protostar -~ Main Sequence (faster fusion)
of Hinto He) — Red Giant (expands, cools) - — Red Supergiant (larger than Red Giant, fuses
Planetary Nebula (outer layers expelled) — White heavier elements) ~ Supernova (catastrophic
Dwarf (dense, hot core, slowly cools) explosion) - Neutron Star OR Black Hole
\ A S

Q2: What determines whether a star becomes a white dwarf or a neutron star/black
hole?

4. Significance of Stars

Stars are the universe's element factories. They fuse lighter elements into heavier ones (e.g., hydrogen
into helium, and eventually carbon, oxygen, iron, etc.). Supernovae explosions then scatter these
elements, enriching interstellar clouds from which new stars, planets, and even life itself, form.

Q3: How do stars contribute to the existence of life?
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Curriculum Guide & Study Tips

Topic 1: Atoms and The Periodic Table

ALOMIC TREOIY ..o (pages 5-13)

The Periodic TADIE ..o (pages 17-27)

Bonding and the periodic table ... (pages 29-36)
Types of BONAS ........oomreereeesscvrrerernes (pages 39-47)

ACIAS AN BASES eeeeeeeereeeresesssessseses (pages 49-54)

Topic 2: Chemical Reactions

Mixtures and SOIULIONS .....eceeeeeeeeeeeeesreress (pages 69-76)
Chemical ChaNge ..........eeeeeesvreeeeee (pages 79-88)
Modeling Chemical Reactions ........................ (pages 91-97)
Producing Useful Materials .........co..... (pages 99-105)
Topic 10: Solar System and The Universe
s N
5] o (TN (pages 497-505)
. J/

1 Exam Preparation Tips

To prepare for your final exam:
- Review the LMS Resources Page: Visit the learning management system to access additional study
materials, videos, and interactive tools that complement these topics.
. Use Worksheets & Quizzes as Practice Papers: Work through all worksheets and quizzes provided in
class. These are excellent practice materials that mirror the types of questions you'll see on the exam.
» Study Strategy: Review one lesson at a time, take practice quizzes, and go back to areas where you
need more practice.
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