CHEMISTRY CONCEPTS FOR HIGH SCHOOL STUDENTS

CHEMISTRY CONCEPTS FOR HIGH SCHOOL STUDENTS ARE THE BUILDING BLOCKS OF UNDERSTANDING THE PHYSICAL W ORLD
AROUND US. FROM THE SMALLEST ATOMS TO COMPLEX CHEMICAL REACTIONS, GRASPING THESE FUNDAMENTAL PRINCIPLES
EMPOWERS STUDENTS TO EXPLORE SCIENTIFIC INQUIRY AND PROBLEM-SOLVING. THIS COMPREHENSIVE GUIDE DELVES INTO
ESSENTIAL CHEMISTRY TOPICS, COVERING ATOMIC STRUCTURE, THE PERIODIC TABLE, CHEMICAL BONDING, STOICHIOMETRY,
STATES OF MATTER, ACIDS AND BASES, AND AN INTRODUCTION TO ORGANIC CHEMISTRY. BY BREAKING DOWN THESE KEY
CHEMISTRY CONCEPTS FOR HIGH SCHOOL, WE AIM TO MAKE LEARNING ACCESSIBLE, ENGAGING, AND THOROUGHLY EXPLAINED FOR
STUDENTS AT ALL LEVELS.
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ATOMIC STRUCTURE AND THE BUILDING BLOCKS OF MATTER

AT THE HEART OF CHEMISTRY LIES THE ATOM, THE FUNDAMENTAL UNIT OF A CHEMICAL ELEMENT. UNDERSTANDING ATOMIC
STRUCTURE IS CRUCIAL FOR COMPREHENDING HOW MATTER BEHAVES AND INTERACTS. HIGH SCHOOL CHEMISTRY STUDENTS LEARN
ABOUT THE SUBATOMIC PARTICLES THAT CONSTITUTE AN ATOM: PROTONS, NEUTRONS, AND ELECTRONS. PROTONS, FOUND IN
THE NUCLEUS, CARRY A POSITIVE CHARGE, WHILE NEUTRONS, ALSO LOCATED IN THE NUCLEUS, HAVE NO CHARGE. ELECTRONS,
ORBITING THE NUCLEUS IN SPECIFIC ENERGY LEVELS OR SHELLS, CARRY A NEGATIVE CHARGE. THE NUMBER OF PROTONS, KNOWN
AS THE ATOMIC NUMBER, UNIQUELY IDENTIFIES AN ELEMENT.

THE ARRANGEMENT OF ELECTRONS WITHIN AN ATOM, PARTICULARLY THE VALENCE ELECTRONS IN THE OUTERMOST SHELL,
DICTATES AN ELEMENT’S CHEMICAL PROPERTIES AND ITS ABILITY TO FORM BONDS. ISOTOPES ARE VARIATIONS OF AN ELEMENT
THAT HAVE THE SAME NUMBER OF PROTONS BUT DIFFERENT NUMBERS OF NEUTRONS, LEADING TO VARIATIONS IN ATOMIC MASS.
LEARNING ABOUT THESE SUBATOMIC PARTICLES AND THEIR PROPERTIES PROVIDES A FOUNDATIONAL UNDERSTANDING OF ALL
CHEMICAL PHENOMENA.

SUBATOMIC PARTICLES

® PROTONS: POSITIVELY CHARGED PARTICLES FOUND IN THE ATOMIC NUCLEUS. THEY DETERMINE THE ATOMIC NUMBER OF
AN ELEMENT.

e NEUTRONS: NEUTRAL PARTICLES FOUND IN THE ATOMIC NUCLEUS. THEY CONTRIBUTE TO THE ATOMIC MASS.

o ELECTRONS: NEGATIVELY CHARGED PARTICLES THAT ORBIT THE ATOMIC NUCLEUS IN ENERGY SHELLS. THEY DETERMINE AN
ATOM’'S CHEMICAL BEHAVIOR.

AToMIc NUMBER AND MASS NUMBER

THE ATOMIC NUMBER (Z) IS A DEFINING CHARACTERISTIC OF AN ELEMENT , REPRESENTING THE NUMBER OF PROTONS IN THE
NUCLEUS. For EXAMPLE, EVERY CARBON ATOM HAS 6 PROTONS, SO ITS ATOMIC NUMBER IS 6. THE MASS NUMBER (A)/ ON THE
OTHER HAND, IS THE SUM OF PROTONS AND NEUTRONS IN AN ATOM’'S NUCLEUS. ISOTOPES OF AN ELEMENT WILL HAVE THE SAME
ATOMIC NUMBER BUT DIFFERENT MASS NUMBERS. (UNDERSTANDING THESE NUMBERS IS ESSENTIAL FOR CALCULATIONS IN



STOICHIOMETRY AND NUCLEAR CHEMISTRY.

THe PeriopIC T ABLE: ORGANIZING THE ELEMENTS

THE PERIODIC TABLE OF ELEMENTS IS AN INDISPENSABLE TOOL IN CHEMISTRY, ORGANIZING ALL KNOWN ELEMENTS BASED ON THEIR
ATOMIC NUMBER, ELECTRON CONFIGURATION, AND RECURRING CHEMICAL PROPERTIES. DEVELOPED OVER TIME, WITH KEY
CONTRIBUTIONS FROM DMITRI MENDELEEV, IT ARRANGES ELEMENTS INTO PERIODS (RO\X/S) AND GROUPS (COLUMNS). ELEMENTS IN
THE SAME GROUP TEND TO EXHIBIT SIMILAR CHEMICAL BEHAVIORS DUE TO HAVING THE SAME NUMBER OF VALENCE ELECTRONS.

(UNDERSTANDING THE TRENDS ACROSS THE PERIODIC TABLE, SUCH AS ATOMIC RADIUS, IONIZATION ENERGY, AND
ELECTRONEGATIVITY, IS VITAL. THESE TRENDS ALLOW CHEMISTS TO PREDICT HOW ELEMENTS WILL REACT WITH EACH OTHER.
For INSTANCE, ELEMENTS ON THE LEFT SIDE OF THE TABLE (METALS) TEND TO LOSE ELECTRONS EASILY, WHILE ELEMENTS ON THE
RIGHT SIDE (NONMETALS) TEND TO GAIN ELECTRONS. THIS ORGANIZATION PROVIDES A SYSTEMATIC FRAMEWORK FOR STUDYING
ELEMENTAL PROPERTIES AND PREDICTING CHEMICAL REACTIONS, MAKING IT A CORNERSTONE OF HIGH SCHOOL CHEMISTRY
CURRICULA.

Periobs AND GROUPS

PERIODS, THE HORIZONTAL ROWS OF THE PERIODIC TABLE, INDICATE THE PRINCIPAL ENERGY LEVEL OF THE ELECTRONS IN AN
ATOM. AS YOU MOVE FROM LEFT TO RIGHT ACROSS A PERIOD, THE NUMBER OF PROTONS INCREASES, AND ELECTRONS ARE ADDED
TO THE SAME OUTERMOST ENERGY SHELL. GROUPS, THE VERTICAL COLUMNS, ARE ARRANGED BASED ON THE NUMBER OF VALENCE
ELECTRONS. ELEMENTS WITHIN A GROUP SHARE SIMILAR CHEMICAL PROPERTIES BECAUSE THEY HAVE THE SAME NUMBER OF
ELECTRONS IN THEIR OUTERMOST SHELL.

PeriobIiC TRENDS

SEVERAL PERIODIC TRENDS PROVIDE INSIGHTS INTO THE CHEMICAL BEHAVIOR OF ELEMENTS:

e AToMIC RADIUS: THE SIZE OF AN ATOM, GENERALLY DECREASING ACROSS A PERIOD AND INCREASING DOWN A GROUP.

® |ONIZATION ENERGY: THE ENERGY REQUIRED TO REMOVE AN ELECTRON FROM AN ATOM, GENERALLY INCREASING ACROSS A
PERIOD AND DECREASING DOWN A GROUP.

® ELECTRONEGATIVITY: THE ABILITY OF AN ATOM TO ATTRACT ELECTRONS IN A CHEMICAL BOND, GENERALLY INCREASING
ACROSS A PERIOD AND DECREASING DOWN A GROUP.

e ELECTRON AFFINITY: THE CHANGE IN ENERGY WHEN AN ELECTRON IS ADDED TO A NEUTRAL ATOM, GENERALLY BECOMING
MORE NEGATIVE ACROSS A PERIOD AND LESS NEGATIVE DOWN A GROUP.

CHeMicAL BonbinGg: How AToMs CONNECT

CHEMICAL BONDING IS THE FORCE THAT HOLDS ATOMS TOGETHER TO FORM MOLECULES AND COMPOUNDS. HIGH SCHOOL
CHEMISTRY EXPLORES THE PRIMARY TYPES OF CHEMICAL BONDS: IONIC BONDS, COVALENT BONDS, AND METALLIC BONDS. THESE
BONDS FORM BASED ON THE ELECTROSTATIC ATTRACTION BETWEEN OPPOSITELY CHARGED PARTICLES OR THE SHARING OF
ELECTRONS BETWEEN ATOMS, DRIVEN BY THE DESIRE OF ATOMS TO ACHIEVE A STABLE ELECTRON CONFIGURATION, OFTEN
RESEMBLING THAT OF NOBLE GASES.

|ONIC BONDS TYPICALLY FORM BETWEEN METALS AND NONMETALS, INVOLVING THE COMPLETE TRANSFER OF ELECTRONS,
CREATING POSITIVELY CHARGED CATIONS AND NEGATIVELY CHARGED ANIONS THAT ARE ATTRACTED TO EACH OTHER.
COVALENT BONDS OCCUR BETWEEN NONMETALS, WHERE ATOMS SHARE ELECTRONS TO ACHIEVE STABILITY. METALLIC BONDS



ARE FOUND IN METALS, WHERE VALENCE ELECTRONS ARE DELOCALIZED AND SHARED AMONG A LATTICE OF METAL ATOMS,
LEADING TO PROPERTIES LIKE CONDUCTIVITY.

loNiC BONDING

|ONIC BONDS FORM WHEN THERE IS A SIGNIFICANT DIFFERENCE IN ELECTRONEGATIVITY BETWEEN TWO ATOMS, TYPICALLY A
METAL AND A NONMETAL. THE METAL ATOM LOSES ONE OR MORE VALENCE ELECTRONS TO BECOME A POSITIVELY CHARGED ION
(CATION), WHILE THE NONMETAL ATOM GAINS THESE ELECTRONS TO BECOME A NEGATIVELY CHARGED ION (ANION). THE
ELECTROSTATIC ATTRACTION BETWEEN THESE OPPOSITELY CHARGED IONS CONSTITUTES THE IONIC BOND, LEADING TO THE
FORMATION OF IONIC COMPOUNDS SUCH AS SODIUM CHLORIDE (NACL)

CoVALENT BONDING

COVALENT BONDS INVOLVE THE SHARING OF ELECTRONS BETWEEN ATOMS, USUALLY NONMETALS, TO ACHIEVE A STABLE
ELECTRON CONFIGURATION. \WHEN ATOMS SHARE ELECTRONS, THEY FORM MOLECULES. THERE ARE SINGLE, DOUBLE, AND TRIPLE
COVALENT BONDS, DEPENDING ON THE NUMBER OF ELECTRON PAIRS SHARED. POLAR COVALENT BONDS OCCUR WHEN ELECTRONS
ARE SHARED UNEQUALLY DUE TO A DIFFERENCE IN ELECTRONEGATIVITY, LEADING TO PARTIAL POSITIVE AND NEGATIVE CHARGES
ON THE ATOMS. NONPOLAR COVALENT BONDS INVOLVE EQUAL SHARING OF ELECTRONS.

MEeTALLIC BONDING

METALLIC BONDING IS CHARACTERISTIC OF METALS. IN A METALLIC BOND, THE VALENCE ELECTRONS ARE NOT LOCALIZED TO
INDIVIDUAL ATOMS BUT ARE RATHER DELOCALIZED, FORMING A “SEA OF ELECTRONS” THAT SURROUNDS A LATTICE OF
POSITIVELY CHARGED METAL IONS. THIS MODEL EXPLAINS MANY OF THE CHARACTERISTIC PROPERTIES OF METALS, SUCH AS
THEIR EXCELLENT ELECTRICAL AND THERMAL CONDUCTIVITY, MALLEABILITY, AND DUCTILITY.

STOICHIOMETRY: THE MATH OF CHEMISTRY

STOICHIOMETRY IS A FUNDAMENTAL QUANTITATIVE BRANCH OF CHEMISTRY THAT DEALS WITH THE RELATIVE QUANTITIES OF
REACTANTS AND PRODUCTS IN CHEMICAL REACTIONS. |T RELIES ON THE LAW OF CONSERVATION OF MASS, WHICH STATES THAT
MATTER CANNOT BE CREATED OR DESTROYED IN A CHEMICAL REACTION. BY USING BALANCED CHEMICAL EQUATIONS, STUDENTS
CAN PREDICT THE AMOUNT OF PRODUCT FORMED FROM A GIVEN AMOUNT OF REACTANT, OR DETERMINE THE AMOUNT OF
REACTANT NEEDED TO PRODUCE A DESIRED AMOUNT OF PRODUCT.

KEY CONCEPTS WITHIN STOICHIOMETRY INCLUDE MOLAR MASS, MOLE CONVERSIONS, AND LIMITING REACTANTS. MoLAR MASS,
CALCULATED FROM ATOMIC MASSES ON THE PERIODIC TABLE, ALLOWS CHEMISTS TO CONVERT BETWEEN MASS AND MOLES. THE
MOLE CONCEPT IS CENTRAL TO STOICHIOMETRY, PROVIDING A CONVENIENT UNIT FOR COUNTING LARGE NUMBERS OF ATOMS AND
MOLECULES. UNDERSTANDING HOW TO IDENTIFY AND WORK WITH LIMITING REACTANTS IS CRUCIAL FOR MAXIMIZING PRODUCT
YIELD AND UNDERSTANDING THE EFFICIENCY OF A CHEMICAL PROCESS.

THe MoLE CONCEPT

THE MOLE IS A UNIT OF MEASUREMENT USED IN CHEMISTRY TO EXPRESS THE AMOUNT OF A SUBSTANCE. ONE MOLE OF ANY
SUBSTANCE CONTAINS AVOGADRO'S NUMBER OF PARTICLES, WHICH IS APPROXIMATELY 6.022 x 10723. THIS CONCEPT
ALLOWS CHEMISTS TO RELATE MACROSCOPIC QUANTITIES (LIKE GRAMS) TO THE NUMBER OF INDIVIDUAL ATOMS OR MOLECULES
INVOLVED IN A REACTION. CALCULATING MOLAR MASS IS THE FIRST STEP IN CONVERTING BETWEEN GRAMS AND MOLES.



BALANCING CHEMICAL EQUATIONS

A BALANCED CHEMICAL EQUATION ACCURATELY REPRESENTS A CHEMICAL REACTION BY ENSURING THAT THE NUMBER OF ATOMS
OF EACH ELEMENT IS THE SAME ON BOTH THE REACTANT SIDE (LEFT SIDE) AND THE PRODUCT SIDE (RIGHT SIDE) OF THE
EQUATION. THIS ADHERES TO THE LAW OF CONSERVATION OF MASS. BALANCING IS ACHIEVED BY ADJUSTING STOICHIOMETRIC
COEFFICIENTS—NUMBERS PLACED IN FRONT OF CHEMICAL FORMULAS. FOR EXAMPLE, THE COMBUSTION OF METHANE IS BALANCED
As CH4 + 202 -> CO2 + 2H20.

LIMITING REACTANTS

IN A CHEMICAL REACTION, THE LIMITING REACTANT IS THE SUBSTANCE THAT IS COMPLETELY CONSUMED FIRST, THEREBY
DETERMINING THE MAXIMUM AMOUNT OF PRODUCT THAT CAN BE FORMED. THE OTHER REACTANTS ARE PRESENT IN EXCESS.
IDENTIFYING THE LIMITING REACTANT IS ESSENTIAL FOR OPTIMIZING REACTION YIELDS AND UNDERSTANDING THE EFFICIENCY OF A
CHEMICAL PROCESS. CALCULATIONS INVOLVING LIMITING REACTANTS REQUIRE COMPARING THE MOLE RATIOS OF REACTANTS TO
THEIR STOICHIOMETRIC COEFFICIENTS IN THE BALANCED EQUATION.

STATES oF MATTER: FROM SoLibs To GASES

MATTER EXISTS IN VARIOUS STATES, WITH THE MOST COMMON BEING SOLID, LIQUID, AND GAS. THE STATE OF A SUBSTANCE IS
DETERMINED BY THE KINETIC ENERGY OF ITS PARTICLES AND THE STRENGTH OF THE INTERMOLECULAR FORCES BETWEEN THEM. HIGH
SCHOOL CHEMISTRY STUDENTS EXPLORE THE PROPERTIES AND TRANSITIONS BETWEEN THESE STATES, UNDERSTANDING HOW

CHANGES IN TEMPERATURE AND PRESSURE INFLUENCE THEM. PLASMA, A FOURTH STATE OF MATTER, IS ALSO OFTEN INTRODUCED.

IN SOLIDS, PARTICLES ARE TIGHTLY PACKED AND VIBRATE IN FIXED POSITIONS. LIQUIDS HAVE PARTICLES THAT ARE CLOSE BUT
CAN MOVE PAST ONE ANOTHER, GIVING THEM A DEFINITE VOLUME BUT NO DEFINITE SHAPE. GASES HAVE PARTICLES THAT ARE FAR
APART AND MOVE RANDOMLY, POSSESSING NO DEFINITE VOLUME OR SHAPE. THE TRANSITIONS BETWEEN THESE STATES, SUCH AS
MELTING, FREEZING, BOILING, AND CONDENSATION, ARE DRIVEN BY CHANGES IN ENERGY AND ARE GOVERNED BY PRINCIPLES LIKE
PHASE DIAGRAMS.

SoLib STATE

IN THE SoLID STATE, PARTICLES ARE HELD IN RELATIVELY FIXED POSITIONS, WITH STRONG INTERMOLECULAR FORCES PREVENTING
THEM FROM MOVING FREELY. SOLIDS HAVE A DEFINITE SHAPE AND A DEFINITE VOLUME. CRYSTALLINE SOLIDS HAVE AN ORDERED
ARRANGEMENT OF PARTICLES, WHILE AMORPHOUS SOLIDS LACK THIS LONG~-RANGE ORDER.

LiQuiD STATE

IN THE LIQUID STATE, PARTICLES ARE STILL RELATIVELY CLOSE TOGETHER, BUT THEY HAVE ENOUGH KINETIC ENERGY TO
OVERCOME SOME OF THE INTERMOLECULAR FORCES, ALLOWING THEM TO SLIDE PAST ONE ANOTHER. LIQUIDS HAVE A DEFINITE
VOLUME BUT TAKE THE SHAPE OF THEIR CONTAINER. VISCOSITY AND SURFACE TENSION ARE KEY PROPERTIES OF LIQUIDS.

GASEOUS STATE

IN THE GASEOUS STATE, PARTICLES POSSESS HIGH KINETIC ENERGY AND ARE WIDELY SEPARATED, WITH NEGLIGIBLE
INTERMOLECULAR FORCES. GASES HAVE NO DEFINITE SHAPE AND NO DEFINITE VOLUME; THEY EXPAND TO FILL THEIR CONTAINERS.
THE BEHAVIOR OF GASES IS DESCRIBED BY GAS LAWS SUCH AS BOYLE'S LAW, CHARLES'S LAW, AND THE IDEAL GAS LAW.



AcIDS AND BASES: UNDERSTANDING PH

ACIDS AND BASES ARE TWO FUNDAMENTAL CLASSES OF CHEMICAL COMPOUNDS WITH DISTINCT PROPERTIES. ACIDS ARE
SUBSTANCES THAT DONATE PROTONS <H+ IONS) IN AQUEOUS SOLUTIONS, OFTEN TASTING SOUR AND REACTING WITH BASES.
BASES ARE SUBSTANCES THAT ACCEPT PROTONS OR DONATE HYDROXIDE IONS (OH‘) IN AQUEOUS SOLUTIONS, TYPICALLY
TASTING BITTER AND FEELING SLIPPERY. LUNDERSTANDING THE INTERACTIONS BETWEEN ACIDS AND BASES, PARTICULARLY
NEUTRALIZATION REACTIONS, IS A CORE CHEMISTRY CONCEPT.

THE PH SCALE IS A LOGARITHMIC SCALE USED TO SPECIFY THE ACIDITY OR BASICITY OF AN AQUEOUS SOLUTION. A PH OF 7 IS
NEUTRAL, WHILE A PH BELOW 7 IS ACIDIC, AND A PH ABOVE 7/ IS BASIC. THE CONCEPT OF PH IS CRUCIAL FOR MANY
BIOLOGICAL AND ENVIRONMENTAL PROCESSES, AS WELL AS INDUSTRIAL APPLICATIONS. STRONG ACIDS AND BASES DISSOCIATE
COMPLETELY IN WATER, WHILE WEAK ACIDS AND BASES ONLY PARTIALLY DISSOCIATE.

ARRHENIUS, BRF] NSTED-LOWRY, AND LEWIS DEFINITIONS

SEVERAL THEORIES DEFINE ACIDS AND BASES:

® ARRHENIUS THEORY: ACIDS PRODUCE H+ IONS IN W ATER, AND BASES PRODUCE OH- IONS IN WATER.

L4 BR NSTED-LOWRY THEORY: ACIDS ARE PROTON DONORS, AND BASES ARE PROTON ACCEPTORS. THIS IS A BROADER
DEFINITION.

e | EwIS THEORY: ACIDS ARE ELECTRON-PAIR ACCEPTORS, AND BASES ARE ELECTRON-PAIR DONORS. THIS IS THE
BROADEST DEFINITION, ENCOMPASSING REACTIONS THAT DON'T INVOLVE PROTONS.

THe PH ScALE

THE PH SCALE MEASURES THE CONCENTRATION OF HYDROGEN 10NS (H+) IN A SOLUTION. IT IS DEFINED AS PH = -LoG[H+]. A
LOWER PH INDICATES HIGHER ACIDITY, WHILE A HIGHER PH INDICATES HIGHER BASICITY. FOR EXAMPLE, STOMACH ACID HAS A PH
OF AROUND 1.5-3.5, WHILE HOUSEHOLD AMMONIA HAS A PH OF AROUND 1 1. PURE WATER HAS A NEUTRAL PH OF 7.

NEUTRALIZATION REACTIONS

A NEUTRALIZATION REACTION OCCURS WHEN AN ACID REACTS WITH A BASE, TYPICALLY FORMING A SALT AND WATER. FOR
EXAMPLE, WHEN HYDROCHLORIC ACID (HCL) REACTS WITH SODIUM HYDROXIDE (NAOH), THE PRODUCTS ARE SODIUM CHLORIDE
(NACL) AND wATER (H20): HCL + NAOH -> NACL 4+ H20O. THESE REACTIONS ARE FUNDAMENTAL TO TITRATIONS AND MANY
CHEMICAL PROCESSES.

INTRODUCTION TO ORGANIC CHEMISTRY

ORGANIC CHEMISTRY IS THE BRANCH OF CHEMISTRY THAT STUDIES COMPOUNDS CONTAINING CARBON. CARBON'S UNIQUE ABILITY
TO FORM STABLE BONDS WITH ITSELF AND OTHER ELEMENTS LIKE HYDROGEN, OXYGEN, NITROGEN, AND HALOGENS LEADS TO AN
IMMENSE DIVERSITY OF MOLECULES, FORMING THE BASIS OF LIFE ITSELF. HIGH SCHOOL INTRODUCTIONS TO ORGANIC CHEMISTRY
TYPICALLY COVER THE STRUCTURE OF HYDROCARBONS, FUNCTIONAL GROUPS, AND BASIC REACTION TYPES.

HYDROCARBONS, COMPOUNDS COMPOSED SOLELY OF CARBON AND HYDROGEN, ARE THE SIMPLEST ORGANIC MOLECULES. THESE
INCLUDE ALKANES, ALKENES, AND ALKYNES, DIFFERENTIATED BY THE TYPES OF CARBON-CARBON BONDS PRESENT (SINGLE, DOUBLE,
OR TRIPLE). FUNCTIONAL GROUPS ARE SPECIFIC ARRANGEMENTS OF ATOMS WITHIN ORGANIC MOLECULES THAT IMPART
CHARACTERISTIC CHEMICAL PROPERTIES AND REACTIVITY, SUCH AS ALCOHOLS (-OH), ALDeEHYDES (-CHO), AND CARBOXYLIC
ACIDS (-COOH). UNDERSTANDING THESE BUILDING BLOCKS IS THE GATEWAY TO COMPREHENDING THE COMPLEXITY AND



VASTNESS OF ORGANIC CHEMISTRY.

HYDROCARBONS

HYDROCARBONS ARE THE FOUNDATIONAL COMPOUNDS IN ORGANIC CHEMISTRY. ALKANES ARE SATURATED HYDROCARBONS WITH
ONLY SINGLE BONDS BETWEEN CARBON ATOMS, FOLLOWING THE GENERAL FORMULA CNH2N+2. ALKENES CONTAIN AT LEAST ONE
CARBON-CARBON DOUBLE BOND (CNH2N), WHILE ALKYNES CONTAIN AT LEAST ONE CARBON-CARBON TRIPLE BOND (CNH2N-2).
THE ARRANGEMENT OF CARBON ATOMS CAN BE LINEAR, BRANCHED, OR FORM RINGS.

FuncTioNnAL GROUPS

FUNCTIONAL GROUPS ARE SPECIFIC GROUPS OF ATOMS WITHIN ORGANIC MOLECULES THAT ARE RESPONSIBLE FOR THE
CHARACTERISTIC CHEMICAL REACTIONS OF THAT MOLECULE. EXAMPLES INCLUDE:

o ALcoHoLs: CONTAIN A HYDROXYL GrRouP (-OH).

ALDEHYDES: CONTAIN A CARBONYL GROUP (C:O> BONDED TO AT LEAST ONE HYDROGEN ATOM (‘CHO)

KeTones: CONTAIN A CARBONYL GROUP (C=0) BONDED TO TWO CARBON ATOMS.

e CarBOXYLIC AciDS: CONTAIN A CARBOXYL GRoUP (-COOH).

AMINES: CONTAIN A NITROGEN ATOM BONDED TO CARBON ATOMS.

IsoMERS

|SOMERS ARE MOLECULES THAT HAVE THE SAME MOLECULAR FORMULA BUT DIFFERENT STRUCTURAL FORMULAS, MEANING THE
ATOMS ARE ARRANGED DIFFERENTLY. STRUCTURAL ISOMERS DIFFER IN THE CONNECTIVITY OF THEIR ATOMS. STEREOISOMERS
HAVE THE SAME CONNECTIVITY BUT DIFFER IN THE SPATIAL ARRANGEMENT OF THEIR ATOMS. THE CONCEPT OF ISOMERISM
HIGHLIGHTS THE IMPORTANCE OF MOLECULAR STRUCTURE IN DETERMINING CHEMICAL PROPERTIES.

QI \WHAT ARE THE MOST FUNDAMENTAL CHEMISTRY CONCEPTS FOR A HIGH SCHOOL
STUDENT TO MASTER FIRST?

A: THE MOST FUNDAMENTAL CHEMISTRY CONCEPTS FOR A HIGH SCHOOL STUDENT TO MASTER FIRST INCLUDE ATOMIC
STRUCTURE (PROTONS/ NEUTRONS, ELECTRONS), THE BASICS OF THE PERIODIC TABLE (ELEMENTS, PERIODS, GROUPS), AND THE
TYPES OF CHEMICAL BONDS (IONIC, CO\/ALENT). UNDERSTANDING THESE PROVIDES A SOLID FOUNDATION FOR ALL OTHER TOPICS
IN CHEMISTRY.

QZ \WHY IS THE PERIODIC TABLE SO IMPORTANT IN HIGH SCHOOL CHEMISTRY?

A: THE PERIODIC TABLE IS CRITICALLY IMPORTANT BECAUSE IT ORGANIZES ALL KNOWN ELEMENTS BASED ON THEIR ATOMIC
STRUCTURE AND RECURRING CHEMICAL PROPERTIES. |T ALLOWS STUDENTS TO PREDICT TRENDS IN REACTIVITY, UNDERSTAND
HOW ELEMENTS WILL BOND, AND PROVIDES A SYSTEMATIC FRAMEWORK FOR STUDYING THE VAST ARRAY OF CHEMICAL
SUBSTANCES.



QZ How DOES STOICHIOMETRY HELP IN UNDERSTANDING CHEMICAL REACTIONS?

A: STOICHIOMETRY HELPS IN UNDERSTANDING CHEMICAL REACTIONS BY PROVIDING THE QUANTITATIVE RELATIONSHIPS BETWEEN
REACTANTS AND PRODUCTS. |IT ALLOWS STUDENTS TO CALCULATE HOW MUCH PRODUCT CAN BE FORMED FROM A GIVEN
AMOUNT OF REACTANT, OR HOW MUCH REACTANT IS NEEDED FOR A DESIRED AMOUNT OF PRODUCT, BASED ON BALANCED
CHEMICAL EQUATIONS.

QI \WHAT IS THE DIFFERENCE BETWEEN AN IONIC BOND AND A COVALENT BOND?

A: THE MAIN DIFFERENCE LIES IN HOW ELECTRONS ARE HANDLED. IN AN IONIC BOND, ELECTRONS ARE TRANSFERRED FROM ONE ATOM
TO ANOTHER, FORMING CHARGED IONS THAT ARE ATTRACTED TO EACH OTHER. IN A COVALENT BOND, ELECTRONS ARE SHARED
BETWEEN ATOMS TO ACHIEVE STABILITY.

Q: WHAT DOES THE PH SCALE MEASURE, AND WHY IS IT IMPORTANT?

A: THE PH SCALE MEASURES THE ACIDITY OR BASICITY OF AN AQUEOUS SOLUTION BASED ON THE CONCENTRATION OF
HYDROGEN IONS. |T IS IMPORTANT BECAUSE IT INDICATES HOW ACIDIC OR BASIC A SUBSTANCE IS, WHICH AFFECTS ITS
REACTIVITY AND HAS SIGNIFICANT IMPLICATIONS IN BIOLOGY, ENVIRONMENTAL SCIENCE, AND INDUSTRY.

Q: WHAT ARE HYDROCARBONS, AND WHY ARE THEY A CENTRAL TOPIC IN ORGANIC
CHEMISTRY?

A: HYDROCARBONS ARE ORGANIC COMPOUNDS MADE UP SOLELY OF CARBON AND HYDROGEN ATOMS. THEY ARE CENTRAL TO
ORGANIC CHEMISTRY BECAUSE CARBON'S ABILITY TO FORM DIVERSE STRUCTURES WITH HYDROGEN ATOMS SERVES AS THE
FUNDAMENTAL BASIS FOR THE VAST MAJORITY OF ORGANIC MOLECULES, INCLUDING THOSE ESSENTIAL FOR LIFE.

QI CAN YOU EXPLAIN THE CONCEPT OF A LIMITING REACTANT IN A CHEMICAL REACTION?

A: A LIMITING REACTANT IS THE REACTANT THAT GETS COMPLETELY CONSUMED FIRST IN A CHEMICAL REACTION. ONCE THE
LIMITING REACTANT IS USED UP, THE REACTION STOPS, AND THE AMOUNT OF PRODUCT FORMED IS DETERMINED BY THE INITIAL
AMOUNT OF THIS REACTANT. THE OTHER REACTANTS ARE CONSIDERED TO BE IN EXCESS.
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