CHEMISTRY IN SYSTEMS EXAMPLES

THE UsiQUITous NATURE oF CHEMISTRY IN SYSTEMS: EXPLORING REAL-
\¥/ orLD EXAMPLES

CHEMISTRY IN SYSTEMS EXAMPLES ARE FUNDAMENTAL TO UNDERSTANDING HOW THE WORLD AROUND US FUNCTIONS, FROM THE
BIOLOGICAL PROCESSES WITHIN OUR BODIES TO THE COMPLEX ENGINEERING MARVELS THAT SHAPE OUR MODERN LIVES. AT ITS
CORE, CHEMISTRY IS THE STUDY OF MATTER AND ITS PROPERTIES, AND HOW MATTER CHANGES. W/HEN WE CONSIDER CHEMISTRY
WITHIN THE CONTEXT OF SYSTEMS, WE ARE EXAMINING HOW THESE CHEMICAL REACTIONS AND INTERACTIONS OCCUR WITHIN
DEFINED BOUNDARIES, INFLUENCED BY VARIOUS INPUTS, OUTPUTS, AND ENVIRONMENTAL FACTORS. THIS ARTICLE DELVES INTO A
DIVERSE RANGE OF REAL-WORLD CHEMISTRY IN SYSTEMS EXAMPLES, ILLUSTRATING THE PROFOUND IMPACT OF CHEMICAL
PRINCIPLES ACROSS NUMEROUS DISCIPLINES. WE WILL EXPLORE THE INTRICATE CHEMICAL SYSTEMS THAT GOVERN LIVING
ORGANISMS, THE INDUSTRIAL PROCESSES THAT PRODUCE ESSENTIAL GOODS, AND THE ENVIRONMENTAL DYNAMICS THAT SUSTAIN
OUR PLANET. UNDERSTANDING THESE SYSTEMS PROVIDES INVALUABLE INSIGHTS INTO PROBLEM-SOLVING, INNOVATION, AND THE
INTERCONNECTEDNESS OF SCIENTIFIC DISCIPLINES.
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BioLoaGicAL SysTeMs: THE CHEMISTRY OF LIFE

LIFE ITSELF IS A TESTAMENT TO THE COMPLEXITY AND ELEGANCE OF CHEMICAL SYSTEMS. EVERY LIVING ORGANISM, FROM THE
SIMPLEST BACTERIUM TO THE MOST COMPLEX HUMAN BEING, RELIES ON A VAST NETWORK OF PRECISELY REGULATED CHEMICAL
REACTIONS TO SURVIVE AND THRIVE. THESE BIOLOGICAL SYSTEMS OPERATE UNDER STRICT CONTROL MECHANISMS, ENSURING
THAT ESSENTIAL PROCESSES OCCUR EFFICIENTLY AND EFFECTIVELY.

CELLULAR RESPIRATION: ENERGY PRODUCTION AT THE MOLECULAR LEVEL

ONE OF THE MOST FUNDAMENTAL CHEMICAL SYSTEMS IN BIOLOGY IS CELLULAR RESPIRATION. THIS PROCESS, OCCURRING WITHIN
THE MITOCHONDRIA OF CELLS, CONVERTS GLUCOSE AND OXYGEN INTO ADENOSINE TRIPHOSPHATE (ATP), THE PRIMARY ENERGY
CURRENCY OF THE CELL. THE OVERALL REACTION CAN BE SIMPLIFIED AS:

e C.H,,0, (cLucose) + 60, (oxveen) f]  6CQO(careon bioxIDe) + 6H,0 (wATER) + EnercY (ATP)

THIS IS NOT A SINGLE-STEP REACTION BUT A COMPLEX SERIES OF BIOCHEMICAL PATHWAYS, INCLUDING GLYCOLYSIS, THE Kress
CYCLE, AND OXIDATIVE PHOSPHORYLATION. EACH STAGE INVOLVES SPECIFIC ENZYMES, SUBSTRATES, AND INTERMEDIATES,



HIGHLIGHTING THE INTRICATE CHEMICAL CHOREOGRAPHY REQUIRED FOR ENERGY GENERATION.

PHOTOSYNTHESIS: HARNESSING SOLAR ENERGY

IN CONTRAST TO RESPIRATION, PHOTOSYNTHESIS IS THE PROCESS BY WHICH PLANTS, ALGAE, AND SOME BACTERIA CONVERT
LIGHT ENERGY INTO CHEMICAL ENERGY, STORED IN THE FORM OF GLUCOSE. THIS VITAL SYSTEM FORMS THE BASE OF MOST FOOD
CHAINS ON EARTH. THE SIMPLIFIED OVERALL EQUATION IS:

¢ 46CO, (carBoN DIOXIDE) + 6H,O (WATER) + LIGHT EnerGY F]  (H,,0, (GLucosE) + 60, (OxYGEN)

THIS PROCESS TAKES PLACE IN CHLOROPLASTS AND INVOLVES LIGHT-DEPENDENT REACTIONS (CAPTURING LIGHT ENERGY) AND
LIGHT - INDEPENDENT REACTIONS (THE CALVIN CYCLE, WHERE COQ IS FIXED INTO SUGARS). THE CAREFUL COORDINATION OF
ELECTRON TRANSPORT CHAINS AND ENZYMATIC REACTIONS DEMONSTRATES A SOPHISTICATED CHEMICAL SYSTEM DESIGNED FOR
ENERGY CAPTURE AND CONVERSION.

EnzyYME CATALYSIS: THE ACCELERATORS OF LIFE

ENZYMES ARE BIOLOGICAL CATALYSTS, TYPICALLY PROTEINS, THAT SIGNIFICANTLY SPEED UP SPECIFIC BIOCHEMICAL REACTIONS
WITHOUT BEING CONSUMED IN THE PROCESS. EACH ENZYME IS HIGHLY SPECIFIC, BINDING TO PARTICULAR SUBSTRATES AND
FACILITATING THEIR TRANSFORMATION. THIS ENZYME-CATALYZED SYSTEM IS CRITICAL FOR METABOLIC PATHWAYS, DNA
REPLICATION, AND COUNTLESS OTHER CELLULAR FUNCTIONS. THE PRECISE THREE-DIMENSIONAL STRUCTURE OF AN ENZYME
DICTATES ITS ACTIVITY, SHOWCASING THE IMPORTANCE OF MOLECULAR GEOMETRY IN CHEMICAL SYSTEMS.

ENVIRONMENTAL SYSTEMS: EARTH'S CHemicaL CyYcLES

THE EARTH'S ENVIRONMENT IS A VAST AND INTERCONNECTED SERIES OF CHEMICAL SYSTEMS. THESE NATURAL CYCLES INVOLVE
THE CONTINUOUS MOVEMENT AND TRANSFORMATION OF ELEMENTS AND COMPOUNDS, SUSTAINING LIFE AND REGULATING
PLANETARY CONDITIONS. UNDERSTANDING THESE CYCLES IS CRUCIAL FOR ADDRESSING ENVIRONMENTAL CHALLENGES LIKE
POLLUTION AND CLIMATE CHANGE.

THe CArRBON CYCLE: THE BACKBONE OF LIFE

THE CARBON CYCLE DESCRIBES THE BIOGEOCHEMICAL EXCHANGE OF CARBON ATOMS BETWEEN THE EARTH'S BIOSPHERE,
PEDOSPHERE, GEOSPHERE, HYDROSPHERE, AND ATMOSPHERE. CARBON IS A FUNDAMENTAL BUILDING BLOCK OF ALL ORGANIC LIFE.
PROCESSES LIKE PHOTOSYNTHESIS, RESPIRATION, DECOMPOSITION, COMBUSTION, AND THE DISSOLUTION OF CARBON DIOXIDE IN
OCEANS ARE KEY COMPONENTS OF THIS SYSTEM.

ATMOSPHERIC C02 IS TAKEN UP BY PLANTS DURING PHOTOSYNTHESIS.

CARBON IS TRANSFERRED TO ANIMALS WHEN THEY CONSUME PLANTS OR OTHER ANIMALS.

® DECOMPOSITION OF DEAD ORGANISMS RETURNS CARBON TO THE SOIL AND ATMOSPHERE.

® BURNING FOSSIL FUELS RELEASES LARGE AMOUNTS OF STORED CARBON INTO THE ATMOSPHERE AS COQ.

HUMAN ACTIVITIES HAVE SIGNIFICANTLY ALTERED THE BALANCE OF THE CARBON CYCLE, LEADING TO INCREASED ATMOSPHERIC
C02 CONCENTRATIONS AND GLOBAL W ARMING.



THe WATER CycLE: A GLoBAL CIRCULATION SYSTEM

THE WATER CYCLE, OR HYDROLOGICAL CYCLE, DESCRIBES THE CONTINUOUS MOVEMENT OF WATER ON, ABOVE, AND BELOW THE
SURFACE OF THE EARTH. THIS SYSTEM INVOLVES SEVERAL KEY CHEMICAL PROCESSES: EVAPORATION (LIQUID WATER TO WATER
VAPOR)/ TRANSPIRATION (\X/ATER RELEASED FROM PLANTS)/ CONDENSATION (\X/ATER VAPOR TO LIQUID WATER, FORMING
CLOUDS), PRECIPITATION (\X/ATER FALLING FROM CLOUDS)/ AND RUNOFF (\X/ATER FLOWING OVER LAND). DISSOLVED MINERALS
AND POLLUTANTS CAN BE TRANSPORTED THROUGH THE WATER CYCLE, AFFECTING WATER QUALITY AND ECOSYSTEMS.

THE NITROGEN CYCLE: ESSENTIAL FOR PROTEIN SYNTHESIS

NITROGEN IS AN ESSENTIAL NUTRIENT FOR PLANT AND ANIMAL LIFE, A KEY COMPONENT OF AMINO ACIDS AND NUCLEIC ACIDS. THE
NITROGEN CYCLE INVOLVES THE TRANSFORMATION OF NITROGEN THROUGH VARIOUS CHEMICAL FORMS, INCLUDING ATMOSPHERIC
NITROGEN (N,), aMMoniA (NH,), ammonium (NH, ), niTriTes (NO, ), anp NITRATES (NO, ). THIS CYCLE IS DRIVEN BY
VARIOUS MICROORGANISMS AND INVOLVES PROCESSES LIKE NITROGEN FIXATION, NITRIFICATION, DENITRIFICATION, AND
AMMONIFICATION. INDUSTRIAL PROCESSES, SUCH AS THE HABER-BOSCH PROCESS FOR AMMONIA SYNTHESIS, ALSO INTERACT
WITH THIS NATURAL SYSTEM.

INDUSTRIAL SYSTEMS: CHEMICAL ENGINEERING IN ACTION

THE CHEMICAL INDUSTRY IS BUILT UPON THE CONTROLLED MANIPULATION OF CHEMICAL REACTIONS TO PRODUCE A VAST ARRAY
OF PRODUCTS ESSENTIAL TO MODERN SOCIETY. THESE INDUSTRIAL SYSTEMS ARE DESIGNED FOR EFFICIENCY, SAFETY, AND
SCALABILITY, OFTEN INVOLVING CONTINUOUS PROCESSES THAT OPERATE UNDER PRECISE CONDITIONS.

THe HABER-BoScH PrRoCESS: AMMONIA PRODUCTION

THE HABER-BOSCH PROCESS IS A LANDMARK ACHIEVEMENT IN CHEMICAL ENGINEERING, ENABLING THE SYNTHESIS OF AMMONIA
FROM NITROGEN GAS AND HYDROGEN GAS UNDER HIGH PRESSURE AND TEMPERATURE, USING A METAL CATALYST. THE EQUATION
IS:

e N, (NITROGEN) + 3H, (HYDROGEN) F]  2NH(AMMONIA)

AMMONIA IS A CRITICAL PRECURSOR FOR FERTILIZERS, EXPLOSIVES, AND MANY OTHER INDUSTRIAL CHEMICALS. THIS PROCESS IS
A PRIME EXAMPLE OF A LARGE-SCALE CHEMICAL SYSTEM THAT HAS HAD A PROFOUND IMPACT ON GLOBAL FOOD PRODUCTION
AND INDUSTRY.

PETROLEUM REFINING: TRANSFORMING CRUDE OIL

CRUDE OIL IS A COMPLEX MIXTURE OF HYDROCARBONS THAT UNDERGOES A SERIES OF CHEMICAL AND PHYSICAL PROCESSES IN
REFINERIES TO YIELD USEFUL PRODUCTS LIKE GASOLINE, DIESEL FUEL, JET FUEL, AND PETROCHEMICAL FEEDSTOCKS. Key
PROCESSES INCLUDE FRACTIONAL DISTILLATION, CRACKING (BREAKING DOWN LARGE HYDROCARBON MOLECULES INTO SMALLER
ONES), AND REFORMING (REAERANGING HYDROCARBON STRUCTURES). THESE ARE SOPHISTICATED CHEMICAL SYSTEMS DESIGNED
TO MAXIMIZE THE YIELD OF VALUABLE PRODUCTS FROM A RAW MATERIAL.

PoLYMER SYNTHESIS: CREATING PLASTICS AND MATERIALS

THE PRODUCTION OF POLYMERS, THE BUILDING BLOCKS OF PLASTICS, FIBERS, AND RUBBER, INVOLVES CONTROLLED CHEMICAL
REACTIONS LIKE POLYMERIZATION. MONOMERS ARE LINKED TOGETHER TO FORM LONG CHAINS, WITH THE SPECIFIC MONOMERS AND
REACTION CONDITIONS DETERMINING THE PROPERTIES OF THE RESULTING POLYMER. EXAMPLES INCLUDE THE POLYMERIZATION OF
ETHYLENE TO POLYETHYLENE OR STYRENE TO POLYSTYRENE. T HESE ARE HIGHLY ENGINEERED CHEMICAL SYSTEMS THAT CREATE



MATERIALS WITH DIVERSE APPLICATIONS.

TeCHNOLOGICAL SYSTEMS: CHEMISTRY DRIVING INNOVATION

CHEMISTRY PLAYS A PIVOTAL ROLE IN THE DEVELOPMENT AND FUNCTIONING OF NUMEROUS ADVANCED TECHNOLOGIES. FROM THE
BATTERIES THAT POWER OUR DEVICES TO THE SEMICONDUCTORS THAT FORM THE BASIS OF MODERN ELECTRONICS, CHEMICAL
PRINCIPLES ARE AT THE FOREFRONT OF INNOVATION.

BATTERY TECHNOLOGY: ELECTROCHEMICAL ENERGY STORAGE

BATTERIES ARE ELECTROCHEMICAL SYSTEMS THAT CONVERT CHEMICAL ENERGY INTO ELECTRICAL ENERGY THROUGH CONTROLLED
REDOX REACTIONS. DIFFERENT BATTERY CHEMISTRIES, SUCH AS LITHIUM-ION, LEAD-ACID, AND ALKALINE, UTILIZE SPECIFIC
ELECTRODE MATERIALS AND ELECTROLYTES TO STORE AND RELEASE ELECTRICAL CHARGE. THE PERFORMANCE OF A BATTERY IS
DETERMINED BY THE THERMODYNAMICS AND KINETICS OF THESE ELECTRODE REACTIONS, MAKING IT A DYNAMIC CHEMICAL SYSTEM.

SEMICONDUCTOR MANUFACTURING: THE CHEMISTRY OF ELECTRONICS

THE CREATION OF SEMICONDUCTORS, THE FOUNDATION OF MODERN COMPUTING AND ELECTRONICS, RELIES HEAVILY ON PRECISE
CHEMICAL PROCESSES. TECHNIQUES LIKE CHEMICAL VAPOR DEPOSITION (C\/D), ETCHING, AND DOPING INVOLVE CAREFULLY
CONTROLLED CHEMICAL REACTIONS TO CREATE THE INTRICATE PATTERNS AND LAYERS ON SILICON WAFERS. THE PURITY OF THE
CHEMICALS USED AND THE PRECISE CONTROL OF REACTION CONDITIONS ARE PARAMOUNT FOR THE FUNCTIONALITY OF THESE
ADVANCED MATERIALS.

CATALYSIS IN CHEMICAL MANUFACTURING

CATALYSTS ARE SUBSTANCES THAT INCREASE THE RATE OF A CHEMICAL REACTION WITHOUT BEING CONSUMED. IN
TECHNOLOGICAL SYSTEMS, CATALYSTS ARE INDISPENSABLE FOR MANY INDUSTRIAL PROCESSES, INCLUDING THE PRODUCTION OF
FUELS, PLASTICS, AND PHARMACEUTICALS. For INSTANCE, CATALYTIC CONVERTERS IN AUTOMOBILES USE PRECIOUS METAL
CATALYSTS TO TRANSFORM HARMFUL EMISSIONS LIKE CARBON MONOXIDE AND NITROGEN OXIDES INTO LESS TOXIC SUBSTANCES.
THE DESIGN AND APPLICATION OF EFFICIENT CATALYSTS REPRESENT A SIGNIFICANT AREA OF CHEMICAL RESEARCH AND
DEVELOPMENT.

EVERYDAY SYSTEMS: CHEMISTRY IN OUR HOMES

THE INFLUENCE OF CHEMISTRY IN SYSTEMS EXTENDS TO OUR DAILY LIVES, OFTEN IN WAYS WE DON'T CONSCIOUSLY CONSIDER.
FROM THE FOOD WE EAT TO THE CLEANING PRODUCTS WE USE, CHEMICAL PRINCIPLES ARE CONSTANTLY AT PLAY.

Foob CHEMISTRY: PRESERVATION AND FLAVOR

THE PRESERVATION OF FOOD OFTEN INVOLVES CHEMICAL PRINCIPLES, SUCH AS THE USE OF ANTIOXIDANTS TO PREVENT
SPOILAGE OR ACIDS TO LOWER PH AND INHIBIT MICROBIAL GROW TH. FLAVOR COMPOUNDS IN FOOD ARE THE RESULT OF
COMPLEX CHEMICAL REACTIONS, BOTH DURING COOKING AND IN OUR OWN DIGESTIVE SYSTEMS. UNDERST ANDING FOOD
CHEMISTRY ALLOWS FOR THE DEVELOPMENT OF SAFER, MORE NUTRITIOUS, AND MORE PALATABLE FOOD PRODUCTS.



CLEANING PrODUCTS: SURFACTANTS AND REACTIONS

HoOUSEHOLD CLEANING PRODUCTS, SUCH AS DETERGENTS AND SOAPS, ARE FORMULATED BASED ON CHEMICAL PRINCIPLES.
SURFACTANTS, FOR EXAMPLE, ARE MOLECULES WITH BOTH HYDROPHILIC (\X/ATER‘ATTRACTING) AND HYDROPHOBIC (OIL‘
ATTRACTING) PARTS, ALLOWING THEM TO EMULSIFY GREASE AND DIRT, MAKING THEM EASIER TO WASH AWAY. THE
EFFECTIVENESS OF THESE CLEANING SYSTEMS DEPENDS ON THE SPECIFIC CHEMICAL INTERACTIONS BETWEEN THE CLEANER, THE
DIRT, AND THE SURFACE BEING CLEANED.

COMBUSTION IN APPLIANCES

MANY HOUSEHOLD APPLIANCES, SUCH AS GAS STOVES AND WATER HEATERS, RELY ON CONTROLLED COMBUSTION—A RAPID
CHEMICAL REACTION BETWEEN A FUEL AND AN OXIDANT (USUALLY OXYGEN), PRODUCING HEAT AND LIGHT. THE EFFICIENCY AND
SAFETY OF THESE SYSTEMS DEPEND ON THE COMPLETE COMBUSTION OF THE FUEL, MINIMIZING THE PRODUCTION OF HARMFUL
BYPRODUCTS LIKE CARBON MONOXIDE.

THE INTERCONNECTEDNESS OF CHEMICAL SYSTEMS

[T IS EVIDENT THAT CHEMISTRY IN SYSTEMS IS NOT CONFINED TO ISOLATED DOMAINS. BIOLOGICAL SYSTEMS ARE INTRICATELY
LINKED WITH ENVIRONMENTAL SYSTEMS, AS DEMONSTRATED BY THE ROLE OF PLANT PHOTOSYNTHESIS IN THE CARBON CYCLE.
INDUSTRIAL PROCESSES, WHILE DESIGNED FOR SPECIFIC OUTPUTS, OFTEN HAVE SIGNIFICANT IMPACTS ON ENVIRONMENTAL
SYSTEMS THROUGH EMISSIONS AND RESOURCE CONSUMPTION. TECHNOLOGICAL ADVANCEMENTS, IN TURN, ARE OFTEN DRIVEN BY
THE NEED TO ADDRESS CHALLENGES ARISING FROM THESE INTERCONNECTIONS, SUCH AS DEVELOPING CLEANER ENERGY SOURCES OR
MORE EFFICIENT RECYCLING METHODS.

THE STUDY OF CHEMISTRY IN SYSTEMS PROVIDES A POWERFUL LENS THROUGH WHICH TO UNDERSTAND THE COMPLEXITIES OF
THE NATURAL WORLD AND THE HUMAN-MADE ENVIRONMENT. BY EXAMINING THE INTERACTIONS, TRANSFORMATIONS, AND
REGULATORY MECHANISMS WITHIN DEFINED BOUNDARIES, WE GAIN A DEEPER APPRECIATION FOR THE FUNDAMENTAL ROLE OF
CHEMISTRY IN SHAPING OUR PLANET AND OUR LIVES. THIS HOLISTIC APPROACH TO CHEMISTRY IS ESSENTIAL FOR SCIENTIFIC
PROGRESS AND FOR FINDING SUSTAINABLE SOLUTIONS TO THE CHALLENGES WE FACE.

FAQ

Q: WHAT IS A SIMPLE EXAMPLE OF A CHEMISTRY IN SYSTEMS EXAMPLE?

A: A VERY SIMPLE CHEMISTRY IN SYSTEMS EXAMPLE IS A BATTERY. IT'S A CONTAINED SYSTEM WHERE CHEMICAL REACTIONS AT
TWO ELECTRODES (AN ANODE AND A CATHODE) CREATE AN ELECTRICAL CURRENT, TRANSFORMING CHEMICAL ENERGY INTO
ELECTRICAL ENERGY.

Q: How DOES CHEMISTRY IN SYSTEMS APPLY TO COOKING?

A: COOKING IS FULL OF CHEMISTRY IN SYSTEMS EXAMPLES. FOR INSTANCE, BAKING A CAKE INVOLVES CHEMICAL REACTIONS LIKE
THE MAILLARD REACTION (BRO\X/NING) AND LEAVENING AGENTS (LIKE BAKING SODA OR YEAST) PRODUCING GASES THAT MAKE
THE CAKE RISE. THE OVEN IS THE SYSTEM, WITH HEAT AS AN INPUT DRIVING THESE CHEMICAL TRANSFORMATIONS IN THE
INGREDIENTS.

QI CAN YOU PROVIDE AN EXAMPLE OF A CHEMISTRY IN SYSTEMS EXAMPLE IN MEDICINE?

A: THE HUMAN BODY IS A COMPLEX BIOLOGICAL SYSTEM WHERE CHEMISTRY IS PARAMOUNT. A GOOD EXAMPLE IS HOW
MEDICATION WORKS. A DRUG IS INTRODUCED INTO THE BODY (THE SYSTEM), WHERE IT UNDERGOES ABSORPTION, DISTRIBUTION,
METABOLISM, AND EXCRETION. ITS THERAPEUTIC EFFECT IS A RESULT OF SPECIFIC CHEMICAL INTERACTIONS WITH BIOLOGICAL



MOLECULES, LIKE BINDING TO RECEPTORS OR INHIBITING ENZYMES.

Q: WHAT ARE SOME ENVIRONMENTAL CHEMISTRY IN SYSTEMS EXAMPLES?

A: THE EARTH'S ATMOSPHERE IS A SIGNIFICANT ENVIRONMENTAL SYSTEM WHERE CHEMISTRY PLAYS A CRUCIAL ROLE. FOR
EXAMPLE, THE OZONE LAYER'S FORMATION AND DEPLETION INVOLVE COMPLEX PHOTOCHEMICAL REACTIONS DRIVEN BY SOLAR
RADIATION, DEMONSTRATING A DELICATE CHEMICAL BALANCE THAT PROTECTS LIFE ON EARTH.

QZ How IS CHEMISTRY IN SYSTEMS RELEVANT TO MANUFACTURING EVERYDAY
PRODUCTS LIKE PLASTICS?

A: THE PRODUCTION OF PLASTICS IS A PRIME EXAMPLE OF INDUSTRIAL CHEMISTRY IN SYSTEMS. MONOMERS ARE POLYMERIZED
UNDER CONTROLLED CONDITIONS (TEMPERATURE/ PRESSURE, CATALYSTS) WITHIN REACTORS (THE SYSTEM) TO FORM LONG
POLYMER CHAINS. THE SPECIFIC DESIGN OF THE REACTION SYSTEM DICTATES THE TYPE OF PLASTIC AND ITS PROPERTIES.

QI \WHAT IS AN ELECTROCHEMICAL SYSTEM IN CHEMISTRY?

A: AN ELECTROCHEMICAL SYSTEM INVOLVES CHEMICAL REACTIONS THAT PRODUCE OR CONSUME ELECTRICITY. BATTERIES AND
FUEL CELLS ARE COMMON EXAMPLES OF ELECTROCHEMICAL SYSTEMS WHERE REDOX REACTIONS DRIVE THE FLOW OF ELECTRONS,
ENABLING ENERGY CONVERSION.

Q: How DOES CHEMISTRY IN SYSTEMS EXPLAIN ACID-BASE REACTIONS?

AN A SOLUTION, ACID-BASE REACTIONS ARE CHEMISTRY IN SYSTEMS EXAMPLES WHERE ACIDS DONATE PROTONS AND BASES
ACCEPT THEM. THE PH OF THE SOLUTION IS A KEY CHARACTERISTIC OF THIS SYSTEM, AND THE REACTION AIMS TO REACH A
STATE OF EQUILIBRIUM OR NEUTRALIZATION, DEPENDING ON THE REACTANTS AND THEIR CONCENTRATIONS.

Q: WHAT ARE THE KEY COMPONENTS OF A CHEMICAL SYSTEM?

A: THE KEY COMPONENTS OF A CHEMICAL SYSTEM TYPICALLY INCLUDE REACTANTS, PRODUCTS, A DEFINED BOUNDARY (\X/HICH
CAN BE PHYSICAL OR CONCEPTUAL)/ AND CONDITIONS SUCH AS TEMPERATURE, PRESSURE, AND CONCENTRATION THAT INFLUENCE
THE REACTIONS OCCURRING WITHIN IT.

Q: How DOES CHEMISTRY IN SYSTEMS CONTRIBUTE TO UNDERSTANDING CLIMATE
CHANGE?

A: UNDERSTANDING CLIMATE CHANGE INVOLVES ANALYZING VARIOUS CHEMICAL SYSTEMS, INCLUDING THE ATMOSPHERIC SYSTEM
(GREENHOUSE GAS CONCENTRATIONS AND THEIR INTERACTIONS), THE OCEANIC SYSTEM <CARBON ABSORPTION AND OCEAN
ACIDIFICATION), AND THE TERRESTRIAL BIOSPHERE SYSTEM (CARBON SEQUESTRATION BY PLANTS). THESE ARE INTERCONNECTED
CHEMICAL SYSTEMS THAT ARE BEING SIGNIFICANTLY ALTERED BY HUMAN ACTIVITIES.
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