COLLEGE CHEMISTRY CHEMICAL REACTIONS

UNDERSTANDING COLLEGE CHEMISTRY CHEMICAL REACTIONS

COLLEGE CHEMISTRY CHEMICAL REACTIONS ARE THE FUNDAMENTAL BUILDING BLOCKS OF EVERYTHING WE SEE AND EXPERIENCE,
FROM THE AIR WE BREATHE TO THE FOOD WE EAT AND THE TECHNOLOGIES THAT SHAPE OUR MODERN LIVES. IN THE REALM OF
COLLEGE CHEMISTRY, MASTERING THE PRINCIPLES AND APPLICATIONS OF THESE TRANSFORMATIONS IS PARAMOUNT. THIS ARTICLE
WILL DELVE DEEP INTO THE FASCINATING WORLD OF CHEMICAL REACTIONS, EXPLORING THEIR CLASSIFICATION, THE FACTORS
INFLUENCING THEIR RATES, AND THE ESSENTIAL CONCEPTS REQUIRED FOR A SOLID UNDERSTANDING. WE WILL COVER THE ENERGY
CHANGES INVOLVED, THE CRITICAL ROLE OF CATALYSTS, AND THE UBIQUITOUS NATURE OF REDOX REACTIONS. FURTHERMORE,
WE'LL TOUCH UPON EQUILIBRIUM AND HOW REACTIONS CAN BE MANIPULATED IN LABORATORY SETTINGS.

® INTRODUCTION TO CHEMICAL REACTIONS

e CLASSIFYING CHEMICAL REACTIONS

® FACTORS AFFECTING REACTION RATES

o ENERGY CHANGES IN CHEMICAL REACTIONS
o CATALYSTS AND REACTION MECHANISMS

* Repox ReacTions: A SpeciaL CLASS

o CHEMICAL EQUILIBRIUM

o CoMMoN CHeMicAL ReacTioNs IN COLLEGE CHEMISTRY

THE EsseNCE oF CoLLEGE CHEMISTRY CHEMICAL REACTIONS

ATITS CORE, A CHEMICAL REACTION IS A PROCESS THAT LEADS TO THE TRANSFORMATION OF ONE SET OF CHEMICAL
SUBSTANCES TO ANOTHER. THIS TRANSFORMATION INVOLVES THE BREAKING AND FORMING OF CHEMICAL BONDS, REARRANGING
ATOMS AND MOLECULES INTO NEW CONFIGURATIONS. IN A COLLEGE CHEMISTRY CURRICULUM, THIS CONCEPT ISNITJUST
THEORETICAL, IT'S THE BEDROCK UPON WHICH MUCH OF OUR UNDERSTANDING OF CHEMISTRY 1S BUILT. FROM UNDERSTANDING
BIOLOGICAL PROCESSES TO DESIGNING NEW MATERIALS, GRASPING CHEMICAL REACTIONS IS AN INDISPENSABLE SKILL. THINK OF IT
LIKE LEARNING THE ALPHABET BEFORE YOU CAN WRITE A NOVEL; CHEMICAL REACTIONS ARE THE LETTERS AND \WORDS OF THE
CHEMICAL LANGUAGE.

STUDENTS EMBARKING ON THEIR COLLEGE CHEMISTRY JOURNEY WILL QUICKLY ENCOUNTER THE DIVERSE ARRAY OF REACTIONS.
THESE AREN'T ALL HAPPENING THE SAME WAY, AND UNDERSTANDING THEIR DIFFERENCES IS KEY TO PREDICTING OUTCOMES AND
CONTROLLING PROCESSES. THIS ARTICLE AIMS TO DEMYSTIFY THESE CRUCIAL TRANSFORMATIONS, OFFERING A COMPREHENSIVE
OVERVIEW THAT WILL EQUIP YOU WITH THE KNOWLEDGE TO NAVIGATE YOUR CHEMISTRY COURSES WITH CONFIDENCE. WE'LL
EXPLORE HOW CHEMISTS CLASSIFY THESE REACTIONS, WHAT MAKES THEM SPEED UP OR SLOW DOWN, AND THE ENERGY
CONSIDERATIONS THAT ARE CENTRAL TO EVERY CHEMICAL CHANGE.

CLASSIFYING CHEMICAL REACTIONS

T O MAKE SENSE OF THE VAST NUMBER OF CHEMICAL REACTIONS, CHEMISTS HAVE DEVELOPED SEVERAL CLASSIFICATION
SYSTEMS. THESE CATEGORIES HELP US PREDICT THE PRODUCTS OF A REACTION, UNDERSTAND THE UNDERLYING MECHANISMS, AND



ORGANIZE OUR KNOWLEDGE. W/ HILE SOME REACTIONS CAN FIT INTO MULTIPLE CATEGORIES, UNDERSTANDING THESE PRIMARY
CLASSIFICATIONS IS A CRUCIAL FIRST STEP FOR ANY COLLEGE CHEMISTRY STUDENT.

SYNTHESIS oR COMBINATION REACTIONS

IN A SYNTHESIS REACTION, TWO OR MORE SIMPLE SUBSTANCES COMBINE TO FORM A MORE COMPLEX COMPOUND. IT'S LIKE
BUILDING SOMETHING FROM BASIC COMPONENTS. THE GENERAL FORM IS A + B AB. A CLASSIC EXAMPLE IS THE FORMATION OF
WATER FROM HYDROGEN AND OXYGEN: 2H, + O, 2H,0. THESE REACTIONS ARE FUNDAMENTAL TO BUILDING LARGER
MOLECULES AND MATERIALS.

DecoMPoSITION REACTIONS

THE OPPOSITE OF SYNTHESIS, A DECOMPOSITION REACTION OCCURS WHEN A SINGLE COMPLEX COMPOUND BREAKS DOWN INTO
TWO OR MORE SIMPLER SUBSTANCES. THINK OF IT AS TAKING SOMETHING APART. THE GENERAL FORM IS AB A + B. For
INSTANCE, WHEN HYDROGEN PEROXIDE DECOMPOSES, IT FORMS WATER AND OXYGEN: 2H,O, 2H,0 + O,. THESE REACTIONS
ARE OFTEN USED TO PRODUCE SIMPLER ELEMENTS OR COMPOUNDS.

SINGLE DISPLACEMENT OR SINGLE REPLACEMENT REACTIONS

IN THIS TYPE OF REACTION, ONE ELEMENT REPLACES A SIMILAR ELEMENT IN A COMPOUND. IT’S LIKE ONE PLAYER SUBSTITUTING

FOR ANOTHER ON A TEAM. THE GENERAL FORM CAN BE A + BC AC + B (IF A IS A METAL REPLACING A METAL CATION) OR A
+ BC BA + C (IF A IS A NON-METAL REPLACING A NON-METAL ANION). FOR EXAMPLE, ZINC METAL REACTING WITH
HYDROCHLORIC ACID PRODUCES ZINC CHLORIDE AND HYDROGEN GAS: ZN(s) + 2HCL(AQ) ] ZNCL,(AQ) + Hy(a).

DousLE DisPLACEMENT OrR DouBLE REPLACEMENT REACTIONS

HERE, THE POSITIVE AND NEGATIVE IONS OF TWO IONIC COMPOUNDS SWITCH PLACES TO FORM TWO NEW COMPOUNDS. IMAGINE
TWO COUPLES DANCING AND THEN SWITCHING PARTNERS. THE GENERAL FORM IS AB + CD AD + CB. A COMMON EXAMPLE IN
COLLEGE CHEMISTRY IS THE REACTION BETWEEN SILVER NITRATE AND SODIUM CHLORIDE, FORMING SILVER CHLORIDE (A
PRECIPITATE) AND SODIUM NITRATE: AGNO,(AQ) + NACL(AQ) ] AGCL(S) + NANO,(AQ). THESE REACTIONS ARE
PARTICULARLY IMPORTANT IN PRECIPITATION REACTIONS AND ACID-BASE NEUTRALIZATION.

CoMBUSTION REACTIONS

COMBUSTION IS A RAPID REACTION BETWEEN A SUBSTANCE AND AN OXIDANT, USUALLY OXYGEN, TO PRODUCE HEAT AND LIGHT.
THE MOST COMMON TYPE INVOLVES THE BURNING OF HYDROCARBONS, WHICH PRODUCES CARBON DIOXIDE AND WATER. FOR
EXAMPLE, THE COMBUSTION OF METHANE: CH,(G) + 20,(6) ] CO,(G) + 2H,0(G). UNDERSTANDING COMBUSTION IS VITAL
FOR STUDYING ENERGY PRODUCTION AND ATMOSPHERIC CHEMISTRY.

FACTORS AFFECTING REACTION RATES

W/HY DO SOME REACTIONS HAPPEN IN THE BLINK OF AN EYE, WHILE OTHERS TAKE YEARS TO COMPLETE? THE SPEED AT WHICH A
CHEMICAL REACTION OCCURS IS KNOWN AS ITS REACTION RATE, AND SEVERAL FACTORS CAN SIGNIFICANTLY INFLUENCE IT.
MASTERING THESE FACTORS IS CRUCIAL FOR CONTROLLING CHEMICAL PROCESSES IN THE LAB AND UNDERSTANDING REAL-WORLD
PHENOMENA.



CONCENTRATION OF REACTANTS

GENERALLY, THE HIGHER THE CONCENTRATION OF REACTANTS, THE FASTER THE REACTION RATE. THIS IS BECAUSE A HIGHER
CONCENTRATION MEANS MORE REACTANT PARTICLES ARE PRESENT IN A GIVEN VOLUME, LEADING TO MORE FREQUENT COLLISIONS
BETWEEN THEM. W/HEN PARTICLES COLLIDE MORE OFTEN, THERE'S A GREATER CHANCE FOR EFFECTIVE COLLISIONS THAT LEAD TO
A REACTION. THINK OF A CROWDED ROOM VERSUS AN EMPTY ONE, THERE ARE MANY MORE OPPORTUNITIES FOR PEOPLE TO BUMP
INTO EACH OTHER IN THE CROWDED SPACE.

TEMPERATURE

INCREASING THE TEMPERATURE ALMOST ALWAYS INCREASES THE REACTION RATE. AT HIGHER TEMPERATURES, REACTANT
PARTICLES POSSESS MORE KINETIC ENERGY, MOVE FASTER, AND COLLIDE MORE FREQUENTLY. MOREOVER, A LARGER PROPORTION
OF THESE COLLISIONS WILL HAVE ENOUGH ENERGY (THE ACTIVATION ENERGY) TO OVERCOME THE ENERGY BARRIER AND RESULT IN
A REACTION. |T°S LIKE THROWING BALLS AT A WALL; IF YOU THROW THEM HARDER, MORE WILL GET OVER THE WALL.

SURFACE AREA

FOR REACTIONS INVOLVING SOLIDS, INCREASING THE SURFACE AREA OF THE REACTANTS CAN DRAMATICALLY INCREASE THE
REACTION RATE. THIS IS BECAUSE THE REACTION CAN ONLY OCCUR AT THE SURFACE OF THE SOLID. GRINDING A SOLID INTO A
POWDER, FOR INSTANCE, EXPOSES MORE OF ITS SURFACE TO THE OTHER REACTANTS, ALLOWING FOR MORE FREQUENT AND
EFFECTIVE COLLISIONS. IMAGINE TRYING TO DISSOLVE A SUGAR CUBE VERSUS GRANULATED SUGAR, THE GRANULATED SUGAR
DISSOLVES MUCH FASTER BECAUSE OF ITS LARGER SURFACE AREA.

Presence oF A CATALYST

A CATALYST IS A SUBSTANCE THAT INCREASES THE RATE OF A CHEMICAL REACTION WITHOUT ITSELF BEING CONSUMED IN THE
PROCESS. CATALYSTS WORK BY PROVIDING AN ALTERNATIVE REACTION PATHWAY WITH A LOWER ACTIVATION ENERGY. THIS
MAKES IT EASIER FOR REACTANT MOLECULES TO TRANSFORM INTO PRODUCTS. ENZYMES ARE BIOLOGICAL CATALYSTS CRUCIAL
FOR LIFE PROCESSES. THE USE OF CATALYSTS IS A CORNERSTONE OF INDUSTRIAL CHEMISTRY.

ENERGY CHANGES IN CHEMICAL REACTIONS

EVERY CHEMICAL REACTION INVOLVES ENERGY. SOME REACTIONS RELEASE ENERGY INTO THE SURROUNDINGS, WHILE OTHERS
ABSORB ENERGY FROM THEM. UNDERSTANDING THESE ENERGY CHANGES IS FUNDAMENTAL TO THERMODYNAMICS AND A SIGNIFICANT
PART OF COLLEGE CHEMISTRY STUDIES.

ExoTHERMIC REACTIONS

EXOTHERMIC REACTIONS ARE THOSE THAT RELEASE ENERGY, USUALLY IN THE FORM OF HEAT, LIGHT, OR SOUND, INTO THEIR
SURROUNDINGS. THE SURROUNDINGS GET WARMER. THE ENTHALPY CHANGE (AH) FOR AN EXOTHERMIC REACTION IS NEGATIVE. A
CLASSIC EXAMPLE IS THE COMBUSTION OF FUELS. W/HEN YOU BURN WOOD, THE HEAT YOU FEEL IS THE ENERGY RELEASED FROM
THE CHEMICAL BONDS BREAKING AND FORMING.

ENDOTHERMIC REACTIONS

ENDOTHERMIC REACTIONS ARE THE OPPOSITE, THEY ABSORB ENERGY FROM THEIR SURROUNDINGS, CAUSING THE SURROUNDINGS
TO COOL DOWN. THE ENTHALPY CHANGE (AH) FOR AN ENDOTHERMIC REACTION IS POSITIVE. PHOTOSYNTHESIS IS A BIOLOGICAL
EXAMPLE OF AN ENDOTHERMIC PROCESS, WHERE PLANTS ABSORB LIGHT ENERGY FROM THE SUN TO CONVERT CARBON DIOXIDE AND
WATER INTO GLUCOSE AND OXYGEN. DISSOLVING CERTAIN SALTS IN WATER CAN ALSO BE AN ENDOTHERMIC PROCESS, MAKING



THE SOLUTION FEEL COLD.

ACTIVATION ENERGY

ACTIVATION ENERGY (EA) IS THE MINIMUM AMOUNT OF ENERGY REQUIRED FOR REACTANTS TO COLLIDE EFFECTIVELY AND
INITIATE A CHEMICAL REACTION. IT’S LIKE THE “PUSH” NEEDED TO GET A BALL ROLLING DOWNHILL. EVEN EXOTHERMIC REACTIONS,
WHICH RELEASE ENERGY OVERALL, REQUIRE AN INITIAL INPUT OF ACTIVATION ENERGY TO GET STARTED. CATALYSTS WORK BY
LOWERING THIS ACTIVATION ENERGY BARRIER.

CATALYSTS AND REACTION MECHANISMS

CATALYSTS ARE THE UNSUNG HEROES OF MANY CHEMICAL PROCESSES, SPEEDING THINGS UP WITHOUT BEING USED UP
THEMSELVES. THEY ARE INDISPENSABLE IN BOTH LABORATORY EXPERIMENTS AND INDUSTRIAL APPLICATIONS. DELVING INTO HOW
CATALYSTS WORK OFTEN INVOLVES UNDERSTANDING THE DETAILED STEPS OF A REACTION, KNOWN AS THE REACTION
MECHANISM.

How CATALYSTS W ORK

CATALYSTS PROVIDE AN ALTERNATIVE PATHWAY FOR A REACTION THAT HAS A LOWER ACTIVATION ENERGY. THIS MEANS
THAT AT A GIVEN TEMPERATURE, A GREATER PROPORTION OF REACTANT MOLECULES WILL POSSESS SUFFICIENT ENERGY TO
REACT. THEY DON'T CHANGE THE OVERALL ENERGY DIFFERENCE BETWEEN REACTANTS AND PRODUCTS (THE ENTHALPY CHANGE,
AH), BUT THEY ALTER THE “HILL” THAT THE REACTION HAS TO CLIMB. FORr INSTANCE, IN THE DECOMPOSITION OF HYDROGEN
PEROXIDE, MANGANESE DIOXIDE ACTS AS A CATALYST, SIGNIFICANTLY INCREASING THE RATE OF OXYGEN PRODUCTION.

ReACTION MECHANISMS

A REACTION MECHANISM IS A SERIES OF ELEMENTARY STEPS THAT DESCRIBE HOW A REACTION ACTUALLY OCCURS AT THE
MOLECULAR LEVEL. |IT OUTLINES THE SEQUENCE OF BOND BREAKING AND BOND FORMATION EVENTS, INCLUDING ANY INTERMEDIATE
SPECIES THAT MIGHT BE FORMED AND THEN CONSUMED. UNDERSTANDING THE MECHANISM IS CRUCIAL FOR PREDICTING REACTION
PRODUCTS, OPTIMIZING REACTION CONDITIONS, AND DESIGNING NEW REACTIONS. For cOMPLEX REACTIONS, THE MECHANISM
MIGHT INVOLVE MULTIPLE STEPS, EACH WITH ITS OWN ACTIVATION ENERGY.

Rebpox ReacTIONs: A SpeciAL CLASS

Repox REACTIONS, SHORT FOR REDUCTION-OXIDATION REACTIONS, ARE A FUNDAMENTAL TYPE OF CHEMICAL REACTION THAT
INVOLVE THE TRANSFER OF ELECTRONS BETWEEN CHEMICAL SPECIES. THESE REACTIONS ARE CENTRAL TO MANY PROCESSES, FROM
ENERGY PRODUCTION IN BATTERIES TO METABOLISM IN LIVING ORGANISMS AND CORROSION OF METALS.

OXIDATION AND ReDUCTION DEFINED

OXIDATION IS THE LOSS OF ELECTRONS BY A SUBSTANCE, WHILE REDUCTION IS THE GAIN OF ELECTRONS. THESE TWO
PROCESSES ALWAYS OCCUR SIMULTANEOUSLY ONE SUBSTANCE CANNOT LOSE ELECTRONS UNLESS ANOTHER SUBSTANCE GAINS
THEM. A HELPFUL MNEMONIC IS OIL RIG: OxIDATION Is Loss, RepucTion Is GAIN (OF ELECTRONS). FOR EXAMPLE, IN THE
FORMATION OF SODIUM CHLORIDE FROM SODIUM AND CHLORINE, SODIUM LOSES AN ELECTRON (IS OXIDIZED) AND CHLORINE GAINS
AN ELECTRON (15 REDUCED): 2NA(S) + CL,(G) 2NACL(s).



OXIDATION STATES

To TRACK ELECTRON TRANSFER, CHEMISTS USE THE CONCEPT OF OXIDATION STATES (OR OXIDATION NUMBERS). THIS IS A
HYPOTHETICAL CHARGE THAT AN ATOM WOULD HAVE IF ALL BONDS TO ATOMS OF DIFFERENT ELEMENTS WERE -|OOO/O IONIC.
ASSIGNING OXIDATION STATES HELPS IDENTIFY WHICH SPECIES ARE OXIDIZED AND WHICH ARE REDUCED. FOR EXAMPLE, IN NACL,
NA HAS AN OXIDATION STATE OF + 1 AND CL HAS AN OXIDATION STATE OF - 1. IN ELEMENTAL FORM, THE OXIDATION STATE IS
0.

CoMMOoN Repox PROCESSES

MANY EVERYDAY PROCESSES ARE REDOX REACTIONS. THE RUSTING OF IRON IS A CLASSIC EXAMPLE OF OXIDATION. BATTERIES
\WORK BASED ON CONTROLLED REDOX REACTIONS THAT GENERATE ELECTRICITY. RESPIRATION AND PHOTOSYNTHESIS IN LIVING

ORGANISMS ARE ALSO COMPLEX SERIES OF REDOX REACTIONS. UNDERSTANDING THESE REACTIONS IS KEY IN ELECTROCHEMISTRY
AND BIOCHEMISTRY.

CHeMICAL EQUILIBRIUM

NOT ALL REACTIONS GO TO COMPLETION. MANY REVERSIBLE REACTIONS REACH A STATE OF DYNAMIC EQUILIBRIUM, \WHERE THE
RATE OF THE FORWARD REACTION EQUALS THE RATE OF THE REVERSE REACTION. AT THIS POINT, THE CONCENTRATIONS OF
REACTANTS AND PRODUCTS REMAIN CONSTANT, THOUGH THE REACTIONS ARE STILL OCCURRING.

THE CONCEPT OF REVERSIBILITY

A REVERSIBLE REACTION IS ONE THAT CAN PROCEED IN BOTH THE FORWARD (REACTANTS TO PRODUCTS) AND REVERSE
(PRODUCTS TO REACTANTS) DIRECTIONS. THIS IS OFTEN INDICATED BY A DOUBLE ARROW ([}l ) IN CHEMICAL EQUATIONS. FOR
EXAMPLE, THE HABER PROCESS FOR AMMONIA SYNTHESIS IS A REVERSIBLE REACTION: N,(G) + 3H,(G) 2NH, ().

DynaMic EQuILIBRIUM

IN DYNAMIC EQUILIBRIUM, THE FORW ARD AND REVERSE REACTIONS ARE STILL HAPPENING, BUT AT EQUAL RATES. THIS MEANS
THERE IS NO NET CHANGE IN THE CONCENTRATIONS OF REACTANTS AND PRODUCTS. IT'S LIKE WALKING ON A TREADMILL, YOU'RE
MOVING FORWARD, BUT YOUR POSITION RELATIVE TO THE ROOM REMAINS THE SAME. Le CHATELIER'S PRINCIPLE HELPS PREDICT
HOW A SYSTEM AT EQUILIBRIUM WILL RESPOND TO CHANGES IN CONDITIONS LIKE TEMPERATURE, PRESSURE, OR CONCENTRATION.

CoMMoN CHeMicAL ReacTIONS IN CoOLLEGE CHEMISTRY

COLLEGE CHEMISTRY COURSES WILL EXPOSE YOU TO A WIDE RANGE OF REACTIONS THAT ARE CRUCIAL FOR UNDERSTANDING
VARIOUS CHEMICAL DISCIPLINES. THESE RANGE FROM SIMPLE ACID-BASE NEUTRALIZATIONS TO COMPLEX ORGANIC SYNTHESES.

Acip-BAse REACTIONS: THE REACTION BETWEEN AN ACID AND A BASE, TYPICALLY FORMING SALT AND WATER.

® PRECIPITATION REACTIONS: REACTIONS THAT FORM AN INSOLUBLE SOLID (PRECIPITATE) WHEN TWO SOLUTIONS ARE
MIXED.

GAS-FORMING REACTIONS: REACTIONS THAT PRODUCE A GAS AS ONE OF THE PRODUCTS.

ORGANIC REACTIONS: A VAST ARRAY OF REACTIONS INVOLVING CARBON-BASED COMPOUNDS, SUCH AS ADDITION,
SUBSTITUTION, AND ELIMINATION REACTIONS.



® NUCLEAR REACTIONS: REACTIONS INVOLVING CHANGES IN THE NUCLEUS OF AN ATOM, SUCH AS FISSION AND FUSION.

MASTERING THE PRINCIPLES BEHIND THESE REACTION TYPES, ALONG WITH THE ABILITY TO WRITE BALANCED CHEMICAL
EQUATIONS AND PREDICT PRODUCTS, WILL SERVE YOU WELL THROUGHOUT YOUR COLLEGE CHEMISTRY EDUCATION AND BEYOND.

FAQ SecTioN

QZ \WHAT ARE THE MOST IMPORTANT TYPES OF CHEMICAL REACTIONS | NEED TO
UNDERSTAND FOR A GENERAL CHEMISTRY COURSE?

A: FOR A GENERAL CHEMISTRY COURSE, YOU SHOULD FOCUS ON UNDERSTANDING SYNTHESIS, DECOMPOSITION, SINGLE
DISPLACEMENT, DOUBLE DISPLACEMENT, AND COMBUSTION REACTIONS. ADDITIONALLY, GRASPING THE CONCEPTS OF ACID-BASE
REACTIONS, PRECIPITATION REACTIONS, AND REDOX REACTIONS IS CRUCIAL AS THEY FORM THE BASIS FOR MANY MORE COMPLEX
CHEMICAL PHENOMENA.

Q: How DOES TEMPERATURE AFFECT THE RATE OF A CHEMICAL REACTION IN COLLEGE
CHEMISTRY?

A: INCREASING THE TEMPERATURE GENERALLY INCREASES THE RATE OF A CHEMICAL REACTION. THIS IS BECAUSE HIGHER
TEMPERATURES PROVIDE REACTANT MOLECULES WITH MORE KINETIC ENERGY, LEADING TO MORE FREQUENT AND MORE ENERGETIC
COLLISIONS. A GREATER PROPORTION OF THESE COLLISIONS WILL HAVE ENOUGH ENERGY (THE ACTIVATION ENERGY) TO
OVERCOME THE ENERGY BARRIER AND RESULT IN THE FORMATION OF PRODUCTS.

QI \WHAT IS THE ROLE OF A CATALYST IN A CHEMICAL REACTION, AND WHY IS IT
IMPORTANT IN COLLEGE CHEMISTRY?

A: A CATALYST SPEEDS UP A CHEMICAL REACTION WITHOUT BEING CONSUMED IN THE PROCESS. |T ACHIEVES THIS BY PROVIDING
AN ALTERNATIVE REACTION PATHWAY WITH A LOWER ACTIVATION ENERGY. CATALYSTS ARE VITAL IN COLLEGE CHEMISTRY
BECAUSE THEY ENABLE REACTIONS THAT WOULD OTHERWISE BE TOO SLOW TO OBSERVE OR UTILIZE IN PRACTICAL
APPLICATIONS, AND THEY ARE KEY TO UNDERSTANDING INDUSTRIAL PROCESSES AND BIOLOGICAL SYSTEMS.

QI CAN YOU EXPLAIN THE DIFFERENCE BETWEEN AN EXOTHERMIC AND AN ENDOTHERMIC
REACTION WITH A SIMPLE ANALOGY?

A: AN EXOTHERMIC REACTION RELEASES ENERGY INTO ITS SURROUNDINGS, LIKE A BONFIRE W ARMING YOU UP. AN ENDOTHERMIC
REACTION ABSORBS ENERGY FROM ITS SURROUNDINGS, MAKING THEM COLDER, LIKE AN INSTANT COLD PACK USED FOR INJURIES.
THE BONFIRE RELEASES HEAT, WHILE THE COLD PACK ABSORBS HEAT FROM YOUR SKIN.

Q: \WHAT ARE OXIDATION STATES , AND HOW ARE THEY USED TO IDENTIFY REDOX
REACTIONS IN COLLEGE CHEMISTRY?

A: OXIDATION STATES (OR OXIDATION NUMBERS) ARE A BOOKKEEPING TOOL USED TO TRACK THE THEORETICAL CHARGE AN
ATOM WOULD HAVE IF ALL BONDS TO ATOMS OF DIFFERENT ELEMENTS WERE COMPLETELY IONIC. BY ASSIGNING OXIDATION
STATES TO ATOMS IN REACTANTS AND PRODUCTS, YOU CAN SEE IF ELECTRONS HAVE BEEN LOST (OXIDATIONI INCREASE IN
OXIDATION STATE) OR GAINED (REDUCTION/ DECREASE IN OXIDATION STATE)/ THEREBY IDENTIFYING A REDOX REACTION.



Q: HOW DOES THE CONCENTRATION OF REACTANTS INFLUENCE THE SPEED OF A
CHEMICAL REACTION?

A: HIGHER CONCENTRATIONS OF REACTANTS GENERALLY LEAD TO FASTER REACTION RATES. THIS IS BECAUSE THERE ARE MORE
REACTANT PARTICLES IN A GIVEN VOLUME, INCREASING THE FREQUENCY OF COLLISIONS BETWEEN THEM. MORE FREQUENT
COLLISIONS MEAN A GREATER PROBABILITY OF EFFECTIVE COLLISIONS THAT CAN LEAD TO A CHEMICAL TRANSFORMATION.

Q: WHAT IS CHEMICAL EQUILIBRIUM, AND DOES IT MEAN THE REACTION STOPS AT THAT
POINT?

A: CHEMICAL EQUILIBRIUM IS A STATE IN REVERSIBLE REACTIONS WHERE THE RATE OF THE FORWARD REACTION IS EQUAL TO THE
RATE OF THE REVERSE REACTION. NO/ THE REACTION DOES NOT STOP, IT BECOMES DYNAMIC. BOTH THE FORWARD AND REVERSE
REACTIONS CONTINUE TO OCCUR AT THE SAME PACE, RESULTING IN NO NET CHANGE IN THE CONCENTRATIONS OF REACTANTS
AND PRODUCTS.
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