COLLEGE ALGEBRA FOR CHEMISTRY

THE INDISPENSABLE ROLE OF COLLEGE ALGEBRA FOR CHEMISTRY CANNOT BE OVERSTATED. AS STUDENTS EMBARK ON THEIR
JOURNEY INTO THE MOLECULAR WORLD, A ROBUST UNDERSTANDING OF ALGEBRAIC PRINCIPLES BECOMES THEIR MOST CRUCIAL
TooL. THIS FOUNDATIONAL MATHEMATICS EQUIPS THEM TO DECIPHER CHEMICAL EQUATIONS, PERFORM QUANTITATIVE
ANALYSES, AND GRASP ABSTRACT CONCEPTS THAT UNDERPIN CHEMICAL PHENOMENA. FROM CALCULATING MOLAR MASSES AND
REACTION RATES TO INTERPRETING EXPERIMENTAL DATA AND PREDICTING PRODUCT YIELDS, ALGEBRAIC FLUENCY IS THE KEY THAT
UNLOCKS A DEEPER COMPREHENSION OF CHEMISTRY. THIS ARTICLE WILL DELVE INTO THE SPECIFIC MATHEMATICAL CONCEPTS
FROM COLLEGE ALGEBRA THAT ARE MOST FREQUENTLY ENCOUNTERED AND APPLIED WITHIN CHEMISTRY COURSES. WE WILL
EXPLORE HOW THESE PRINCIPLES ARE USED IN PRACTICAL CHEMICAL CALCULATIONS, DISCUSS COMMON CHALLENGES STUDENTS
FACE, AND OFFER STRATEGIES FOR STRENGTHENING ALGEBRAIC SKILLS ESSENTIAL FOR ACADEMIC SUCCESS IN CHEMISTRY.
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UNDERSTANDING THE MATHEMATICAL FOUNDATION OF CHEMISTRY

CHEMISTRY, AT ITS CORE, IS A QUANTITATIVE SCIENCE. \W/HILE CONCEPTUAL UNDERSTANDING IS VITAL, THE ABILITY TO
PERFORM CALCULATIONS, MODEL PHENOMENA, AND ANALYZE DATA RELIES HEAVILY ON MATHEMATICAL PROFICIENCY. COLLEGE
ALGEBRA PROVIDES THE ESSENTIAL TOOLKIT FOR THIS QUANTITATIVE LITERACY. WITHOUT A SOLID GRASP OF ALGEBRAIC
MANIPULATION, STUDENTS WILL FIND THEMSELVES STRUGGLING TO MOVE BEYOND BASIC DESCRIPTIVE CHEMISTRY AND INTO THE
PREDICTIVE AND ANALYTICAL ASPECTS THAT DEFINE THE DISCIPLINE.

THE RELATIONSHIP BETWEEN ALGEBRA AND CHEMISTRY IS SYMBIOTIC. ALGEBRAIC PRINCIPLES ARE NOT MERELY TOOLS TO BE
APPLIED, THEY ARE INTEGRAL TO THE VERY LANGUAGE AND LOGIC OF CHEMISTRY. UNDERST ANDING VARIABLES, COEFFICIENTS,
EXPONENTS, AND FUNCTIONS ALLOWS CHEMISTS TO EXPRESS COMPLEX RELATIONSHIPS CONCISELY AND TO DERIVE MEANINGFUL
INSIGHTS FROM EXPERIMENT AL RESULTS. THIS SECTION WILL LAY THE GROUNDWORK FOR UNDERSTANDING WHY THIS
MATHEMATICAL DISCIPLINE IS SO CENTRAL TO CHEMICAL EDUCATION.

EsseNTIAL ALGEBRAIC CONCEPTS FOR CHEMISTRY

SEVERAL KEY AREAS WITHIN COLLEGE ALGEBRA ARE DIRECTLY AND FREQUENTLY APPLIED IN CHEMISTRY. MASTERING THESE
CONCEPTS WILL SIGNIFICANTLY ENHANCE A STUDENT'S ABILITY TO SUCCEED IN THEIR CHEMISTRY COURSEWORK. THESE ARE THE
BUILDING BLOCKS UPON WHICH MORE COMPLEX CHEMICAL CALCULATIONS ARE CONSTRUCTED, AND A FIRM GRASP OF EACH IS
PARAMOUNT.

VARIABLES, CONSTANTS, AND UNIT CONVERSIONS

AT THE MOST FUNDAMENTAL LEVEL, CHEMISTRY DEALS WITH QUANTITIES THAT CAN VARY (VARIABLES) AND QUANTITIES THAT



REMAIN FIXED (CONSTANTS). ALGEBRAIC EXPRESSIONS USE SYMBOLS TO REPRESENT THESE, ALLOWING FOR GENERAL
STATEMENTS AND CALCULATIONS. CRUCIALLYI EVERY CHEMICAL QUANTITY HAS A UNIT ASSOCIATED WITH IT. COLLEGE
ALGEBRA TEACHES THE PRINCIPLES OF MANIPULATING THESE UNITS, WHICH IS ABSOLUTELY CRITICAL IN CHEMISTRY. For
INSTANCE, CONVERTING BETWEEN GRAMS AND KILOGRAMS, MILLILITERS AND LITERS, OR CELSIUS AND KELVIN REQUIRES
UNDERSTANDING DIMENSIONAL ANALYSIS, A TECHNIQUE DEEPLY ROOTED IN ALGEBRAIC MANIPULATION.

For EXAMPLE, WHEN CALCULATING THE MOLAR MASS OF A COMPOUND, YOU SUM THE ATOMIC MASSES OF ITS CONSTITUENT
ELEMENTS. EACH ATOMIC MASS HAS UNITS (E.G., GRAMS PER MOLE). THE FINAL MOLAR MASS WILL INHERIT THESE UNITS, AND
WITHOUT PROPER ALGEBRAIC HANDLING OF THESE UNITS, THE FINAL ANSWER WOULD BE MEANINGLESS. SIMILARLY/ IN GAS LAW
CALCULATIONS, ENSURING ALL PRESSURE, VOLUME, AND TEMPERATURE VALUES ARE IN COMPATIBLE UNITS IS A DIRECT
APPLICATION OF ALGEBRAIC UNIT CANCELLATION.

SoLVING LINEAR EQUATIONS

MANY FUNDAMENTAL CHEMICAL RELATIONSHIPS CAN BE EXPRESSED AS LINEAR EQUATIONS. THESE ARE EQUATIONS WHERE THE
HIGHEST POWER OF THE VARIABLE IS ONE. SOLVING THESE EQUATIONS INVOLVES ISOLATING THE UNKNOWN VARIABLE ON ONE
SIDE OF THE EQUATION USING INVERSE OPERATIONS. THIS SKILL IS APPLIED IN COUNTLESS SCENARIOS:

e CALCULATING THE AMOUNT OF A REACTANT NEEDED GIVEN A DESIRED PRODUCT YIELD.
® DETERMINING AN UNKNOWN CONCENTRATION WHEN GIVEN VOLUME AND MOLARITY.
e FINDING THE TEMPERATURE OF A SYSTEM WHEN ENERGY AND HEAT CAPACITY ARE KNOWN.

® SOLVING FOR THE RATE CONSTANT IN A FIRST-ORDER REACTION.

THE PROCESS OF ALGEBRAIC MANIPULATION, SUCH AS ADDING OR SUBTRACTING THE SAME VALUE FROM BOTH SIDES OF AN
EQUATION, OR MULTIPLYING OR DIVIDING BOTH SIDES BY THE SAME NON-ZERO VALUE, IS THE BEDROCK OF CHEMICAL PROBLEM-
SOLVING. PROFICIENCY HERE DIRECTLY TRANSLATES TO EFFICIENCY AND ACCURACY IN CHEMICAL CALCULATIONS.

ExPONENTS AND PowWERS

EXPONENTS PLAY A SIGNIFICANT ROLE IN CHEMISTRY, PARTICULARLY WHEN DEALING WITH SCIENTIFIC NOTATION, REACTION
RATES, AND EQUILIBRIUM EXPRESSIONS. (UNDERSTANDING THE RULES OF EXPONENTS——SUCH AS ADDING EXPONENTS WHEN
MULTIPLYING TERMS WITH THE SAME BASE, OR SUBTRACTING EXPONENTS WHEN DIVIDING—IS ESSENTIAL FOR SIMPLIFYING AND
CALCULATING VALUES. SCIENTIFIC NOTATION, WHICH USES POWERS OF ]O, IS UBIQUITOUS IN CHEMISTRY FOR REPRESENTING
VERY LARGE OR VERY SMALL NUMBERS ENCOUNTERED IN ATOMIC AND MOLECULAR SCALES.

FOR INSTANCE, AVOGADRO'S NUMBER (APPROXIMATELY 6.022 x 10%°) IS A PRIME EXAMPLE OF SCIENTIFIC NOTATION. \WHEN
PERFORMING CALCULATIONS INVOLVING THIS NUMBER, SUCH AS CONVERTING MOLES TO THE NUMBER OF ATOMS, CORRECTLY
APPLYING EXPONENT RULES IS VITAL. RATE LAWS, WHICH DESCRIBE HOW REACTION RATES DEPEND ON REACTANT
CONCENTRATIONS, OFTEN INVOLVE CONCENTRATIONS RAISED TO SPECIFIC POWERS, REFLECTING THE REACTION ORDER.
EQUILIBRIUM CONSTANT EXPRESSIONS ALSO UTILIZE EXPONENTS DERIVED FROM THE STOICHIOMETRY OF THE BALANCED CHEMICAL
EQUATION.

FUNCTIONS AND THEIR APPLICATIONS IN CHEMISTRY



THE CONCEPT OF A FUNCTION, WHERE ONE QUANTITY DEPENDS ON ANOTHER, IS CENTRAL TO UNDERSTANDING MANY CHEMICAL
PROCESSES. IN ALGEBRA, A FUNCTION DESCRIBES A RELATIONSHIP WHERE EACH INPUT HAS EXACTLY ONE OUTPUT. THIS
ABSTRACT IDEA TRANSLATES INTO TANGIBLE CHEMICAL RELATIONSHIPS THAT CAN BE GRAPHED AND ANALYZED.

LINEAR FUNCTIONS AND EMPIRICAL FORMULAS

LINEAR FUNCTIONS ARE OFTEN USED TO MODEL RELATIONSHIPS WHERE THERE IS A CONSTANT RATE OF CHANGE. IN CHEMISTRY,
THIS CAN BE SEEN IN DIRECT PROPORTIONALITY. FOR EXAMPLE, THE MASS OF A SUBSTANCE IS DIRECTLY PROPORTIONAL TO THE
NUMBER OF MOLES OF THAT SUBSTANCE (M = N MOLAR MASS). IF MOLAR MASS IS CONSIDERED THE SLOPE OF A LINE, THEN MASS
IS A LINEAR FUNCTION OF MOLES. UNDERSTANDING HOW TO INTERPRET THE SLOPE AND INTERCEPT OF SUCH A LINE CAN REVEAL
CRITICAL CHEMICAL PROPERTIES. EMPIRICAL FORMULAS, WHILE DETERMINED THROUGH EXPERIMENTAL DATA ANALYSIS, OFTEN
INVOLVE GRAPHICAL REPRESENTATIONS THAT CAN BE APPROXIMATED BY LINEAR FUNCTIONS WHEN PLOTTING CERTAIN RELATED
QUANTITIES.

PoLYNOMIAL AND RATIONAL FUNCTIONS

W/HILE LINEAR FUNCTIONS ARE COMMON, MORE COMPLEX CHEMICAL RELATIONSHIPS MAY BE DESCRIBED BY POLYNOMIAL OR
RATIONAL FUNCTIONS. POLYNOMIAL FUNCTIONS INVOLVE VARIABLES RAISED TO NON-NEGATIVE INTEGER POWERS, WHILE
RATIONAL FUNCTIONS ARE RATIOS OF POLYNOMIALS. THESE ARISE IN AREAS SUCH AS:

® MODELING THE ENERGY CHANGES IN CHEMICAL REACTIONS AS A FUNCTION OF DISTANCE BETWEEN ATOMS.

® DESCRIBING THE CONCENTRATION PROFILES OF REACTANTS AND PRODUCTS OVER TIME IN COMPLEX REACTION
MECHANISMS.

® REPRESENTING SOLUBILITY CURVES OR PHASE DIAGRAMS.

(UNDERSTANDING HOW TO ANALYZE AND INTERPRET THE BEHAVIOR OF THESE FUNCTIONS, INCLUDING FINDING ROOTS (\X/HERE THE
FUNCTION EQUALS ZERO) OR IDENTIFYING ASYMPTOTES (VALUES THAT A FUNCTION APPROACHES BUT NEVER REACHES), IS
CRUCIAL FOR PREDICTING CHEMICAL OUTCOMES UNDER VARIOUS CONDITIONS.

LOGARITHMS AND EXPONENTIALS IN CHEMICAL KINETICS AND EQUILIBRIA

LOGARITHMIC AND EXPONENTIAL FUNCTIONS ARE INDISPENSABLE FOR DESCRIBING PROCESSES THAT INVOLVE GROWTH OR DECAY,
OR THAT SPAN VAST RANGES OF VALUES. IN CHEMISTRY, THESE ARE PARTICULARLY PREVALENT IN THE STUDY OF REACTION
RATES AND THE POSITION OF CHEMICAL EQUILIBRIA.

LoGArITHMIC ScALEs (PH, POH, PKA)

THE LOGARITHMIC SCALE IS PERHAPS MOST FAMOUSLY ENCOUNTERED IN CHEMISTRY THROUGH THE PH SCALE, WHICH MEASURES
THE ACIDITY OR BASICITY OF A SOLUTION. THE DEFINITION OF PH IS -LOG[/—f], WHERE [H'] IS THE HYDROGEN ION
CONCENTRATION. THIS LOGARITHMIC RELATIONSHIP ALLOWS CHEMISTS TO EXPRESS VERY DILUTE OR CONCENTRATED HYDROGEN
ION CONCENTRATIONS USING MANAGEABLE NUMBERS. SIMILARLY, POH (-LoG[OH]) AND PKA (-LOGKA) ARE ALSO LOGARITHMIC
MEASURES USED IN ACID-BASE CHEMISTRY AND EQUILIBRIUM STUDIES, RESPECTIVELY. UNDERSTANDING HOW TO MANIPULATE
LOGARITHMS—INCLUDING THEIR INVERSE RELATIONSHIP WITH EXPONENTIALS—IS FUNDAMENTAL TO WORKING WITH THESE



CRITICAL CHEMICAL SCALES.

ExPONENTIAL DECAY IN FIRST-ORDER REACTIONS

MANY CHEMICAL REACTIONS, ESPECIALLY THOSE THAT PROCEED UNIMOLECULARLY OR WHERE THE RATE-DETERMINING STEP
INVOLVES ONLY ONE REACTANT SPECIES, FOLLOW FIRST-ORDER KINETICS. THE CONCENTRATION OF THE REACTANT IN SUCH
REACTIONS DECREASES EXPONENTIALLY OVER TIME. THE INTEGRATED RATE LAW FOR A FIRST-ORDER REACTION IS OFTEN
EXPRESSED IN EXPONENTIAL OR LOGARITHMIC FORM: LN[A] = kT + LN[A] or [A] = [AJE". Here, [A] 1S THE
CONCENTRATION AT TIME T, [AJy IS THE INITIAL CONCENTRATION, AND K IS THE RATE CONSTANT. SOLVING FOR ANY OF THESE
VARIABLES REQUIRES A SOLID UNDERSTANDING OF EXPONENTIAL AND LOGARITHMIC MANIPULATION, INCLUDING NATURAL
LOGARITHMS (LN) AND THE CONSTANT E.

EQuiLieriuM ConsTANTS (K) AND RELATIONSHIPS

THE EQUILIBRIUM CONSTANT (K) QUANTIFIES THE EXTENT TO WHICH A REVERSIBLE REACTION PROCEEDS TO COMPLETION. FOR
REACTIONS INVOLVING GASES, THE EQUILIBRIUM CONSTANT CAN BE EXPRESSED IN TERMS OF PARTIAL PRESSURES (KP) OR
CONCENTRATIONS (KC) THE CALCULATION OF KC OFTEN INVOLVES CONCENTRATIONS RAISED TO POWERS CORRESPONDING TO
THEIR STOICHIOMETRIC COEFFICIENTS IN THE BALANCED EQUATION, AND THEN MANIPULATING THESE VALUES ALGEBRAICALLY TO
FIND K. UNDERSTANDING HOW K CHANGES WITH TEMPERATURE IS OF TEN DESCRIBED USING THE VAN'T HoFF EQUATION, WHICH
INVOLVES LOGARITHMIC RELATIONSHIPS DERIVED FROM THERMODYNAMIC PRINCIPLES.

STOICHIOMETRY AND MoLAR CALCULATIONS

STOICHIOMETRY/ THE STUDY OF THE QUANTITATIVE RELATIONSHIPS BETWEEN REACTANTS AND PRODUCTS IN CHEMICAL
REACTIONS, IS A CORNERSTONE OF QUANTITATIVE CHEMISTRY. |T RELIES HEAVILY ON ALGEBRAIC PRINCIPLES TO ENSURE THAT
REACTIONS ARE BALANCED AND THAT CALCULATIONS OF AMOUNTS ARE ACCURATE.

BALANCING CHEMICAL EQUATIONS

BALANCING CHEMICAL EQUATIONS INVOLVES ENSURING THAT THE NUMBER OF ATOMS OF EACH ELEMENT IS THE SAME ON BOTH
THE REACTANT AND PRODUCT SIDES. THIS IS AN ALGEBRAIC PROBLEM WHERE COEFFICIENTS ARE USED AS VARIABLES THAT MUST
BE DETERMINED. W/HILE OFTEN SOLVED BY INSPECTION FOR SIMPLER EQUATIONS, MORE COMPLEX SYSTEMS CAN BENEFIT FROM
SETTING UP A SYSTEM OF LINEAR EQUATIONS TO SOLVE FOR THE UNKNOWN COEFFICIENTS. THE MOLE RATIOS DERIVED FROM
BALANCED EQUATIONS ARE THEN USED AS CONVERSION FACTORS IN STOICHIOMETRIC CALCULATIONS.

MoLE CoNcerT AND CONVERSIONS

THE MOLE IS THE FUNDAMENTAL UNIT OF AMOUNT IN CHEMISTRY. CONVERTING BETWEEN MASS, MOLES, AND THE NUMBER OF
PARTICLES (ATOMS, MOLECULES) IS A CONSTANT REQUIREMENT. THESE CONVERSIONS ARE PERFORMED USING MOLAR MASS
(G/MOL), AVOGADRO'S NUMBER (PARTICLES/MOL), AND THE STOICHIOMETRIC COEFFICIENTS FROM BALANCED EQUATIONS. EACH
STEP IN THESE MULTI-STEP CONVERSIONS IS AN ALGEBRAIC MULTIPLICATION OR DIVISION, WHERE UNITS MUST CANCEL
APPROPRIATELY TO ARRIVE AT THE CORRECT FINAL UNIT.

FOR EXAMPLE, TO FIND THE MASS oF CO, PRODUCED FROM BURNING 10.0 G oF MeTHANE (CH,), YOU WOULD NEED TO:



1. ConVERT GRAMS OF CH, To MoLEs oF CH, USING THE MOLAR MASS oF CH,.
2. USE THE MOLE RATIO FROM THE BALANCED EQUATION (1 MoLE CH, : 1 MoLe CO,) To FiND MoLES oF CO,,.

3. ConVERT MoLEs oF CO, To GrRAMS ofF CO, USING THE MOLAR MASS ofF CO.,,

EACH OF THESE STEPS IS A DIRECT APPLICATION OF ALGEBRAIC MULTIPLICATION AND DIVISION WITH UNITS.

GAS LAWS AND ALGEBRAIC MANIPULATIONS

THE BEHAVIOR OF GASES IS DESCRIBED BY A SET OF LAWS THAT RELATE PRESSURE, VOLUME, TEMPERATURE, AND THE NUMBER OF
MOLES OF GAS. THESE RELATIONSHIPS ARE INHERENTLY ALGEBRAIC AND REQUIRE STUDENTS TO BE ADEPT AT REARRANGING AND
SOLVING EQUATIONS.

THe IoeaL Gas LAaw (PV =nNRT)

THE IDEAL GAS LAW, PV =NRT, IS A FUNDAMENTAL EQUATION IN CHEMISTRY. P IS PRESSURE, /IS VOLUME, N IS THE NUMBER
OF MOLES, RIS THE IDEAL GAS CONSTANT, AND 7 IS TEMPERATURE. THIS SINGLE EQUATION ALLOWS FOR THE CALCULATION OF
ANY ONE VARIABLE IF THE OTHER THREE ARE KNOWN. REARRANGING THIS EQUATION TO SOLVE FOR A DIFFERENT VARIABLE IS A
CORE ALGEBRAIC SKILL. FOR EXAMPLE, TO FIND THE NUMBER OF MOLES (N), YOU WOULD REARRANGE IT TO N = PV/RT.
ENSURING CONSISTENT UNITS FOR ALL VARIABLES IS CRITICAL FOR OBTAINING THE CORRECT NUMERICAL ANSWER.

ComBINED GAS LAW AND PARTIAL PRESSURES

THE COMBINED GAS LAW RELATES CHANGES IN PRESSURE, VOLUME, AND TEMPERATURE FOR A FIXED AMOUNT OF GAS. IT IS
DERIVED FROM BOVYLE'S LAW, CHARLES'S LAW, AND GAY-LUSSAC'S LAW, AND CAN BE EXPRESSED AS (P, V,)/T, =
(P,V,)/T,. SOLVING FOR ANY OF THE SIX VARIABLES IN THIS EQUATION REQUIRES ALGEBRAIC MANIPULATION. DALTON'S LAW
OF PARTIAL PRESSURES, WHICH STATES THAT THE TOTAL PRESSURE OF A MIXTURE OF GASES IS THE SUM OF THE PARTIAL
PRESSURES OF EACH INDIVIDUAL GAS, ALSO INVOLVES ALGEBRAIC ADDITION AND CAN BE USED IN CONJUNCTION WITH THE IDEAL
GAS LAW TO SOLVE COMPLEX GAS MIXTURE PROBLEMS.

AciD-BASeE CHEMISTRY AND PH CALCULATIONS

ACID-BASE CHEMISTRY IS A CENTRAL TOPIC IN GENERAL CHEMISTRY, AND IT HEAVILY RELIES ON ALGEBRAIC CONCEPTS,
PARTICULARLY LOGARITHMS AND INVERSE RELATIONSHIPS.

THe PH AND POH ScALES

AS PREVIOUSLY MENTIONED, THE PH SCALE IS DEFINED AS PH = ‘LOG[/‘f]. THIS RELATIONSHIP REQUIRES STUDENTS TO
UNDERSTAND HOW TO USE LOGARITHMS TO CONVERT BETWEEN CONCENTRATION AND PH VALUES. FOR EXAMPLE, IF A SOLUTION

3 -3
HAS A [H'T oF 1.0 x 10 M, CALCULATING THE PH INVOLVES EVALUATING -LoG( 1.0 x 10™), WHICH ALGEBRAICALLY
4.5
SIMPLIFIES TO 3. CONVERSELY, IF THE PH I 4.5, FINDING THE [H'] INVOLVES CALCULATING 107, AN EXPONENTIAL OPERATION.



Acip DissociaTioN ConsTANT (KA) anD Bask DissociaTioN ConsTANT (Kg)

THE STRENGTH OF WEAK ACIDS AND BASES IS QUANTIFIED BY THEIR DISSOCIATION CONSTANTS, KA AND KB, RESPECTIVELY.
THESE CONSTANTS ARE DERIVED FROM EQUILIBRIUM EXPRESSIONS THAT INVOLVE THE CONCENTRATIONS OF REACTANTS AND
PRODUCTS RAISED TO STOICHIOMETRIC POWERS. FOR EXAMPLE, FOR A WEAK ACID HA DISSOCIATING IN WATER: HA + H,O

<=>H,0" + A", THE KA ExpPressIoN Is Ka = ([H,O" JJA D/[HA] SoLVING FOR KA, OR FOR THE CONCENTRATION OF SPECIES
WHEN KA IS KNOWN, OFTEN INVOLVES SETTING UP AND SOLVING QUADRATIC EQUATIONS, A MORE ADVANCED ALGEBRAIC TOPIC.

TiITRATION CALCULATIONS

TITRATION IS A COMMON LABORATORY TECHNIQUE USED TO DETERMINE THE CONCENTRATION OF AN UNKNOWN SOLUTION BY
REACTING IT WITH A SOLUTION OF KNOWN CONCENTRATION. THE CALCULATIONS INVOLVED IN TITRATIONS OFTEN REQUIRE
STOICHIOMETRIC CONVERSIONS, MOLAR CALCULATIONS, AND THE USE OF THE ACID-BASE EQUILIBRIUM PRINCIPLES DESCRIBED
ABOVE. DETERMINING THE EQUIV ALENCE POINT, WHERE THE MOLES OF ACID EQUAL THE MOLES OF BASE, IS A FUNDAMENTAL
ALGEBRAIC CALCULATION.

ORGANIC CHEMISTRY NOMENCLATURE AND RELATIONSHIPS

W/HILE ORGANIC CHEMISTRY IS OFTEN PERCEIVED AS MEMORIZATION-INTENSIVE, ALGEBRAIC THINKING UNDERPINS ITS SYSTEMATIC
NOMENCLATURE AND THE UNDERSTANDING OF STRUCTURAL RELATIONSHIPS.

SysTeMATIC NoMencLATURE (IUPACQ)

THe [UPAC NOMENCLATURE SYSTEM FOR ORGANIC COMPOUNDS IS A SYSTEMATIC AND LOGICAL APPROACH TO NAMING
MOLECULES. WHILE IT INVOLVES MEMORIZING PREFIXES, SUFFIXES, AND ROOT NAMES, THE UNDERLYING PRINCIPLE IS A
HIERARCHICAL CLASSIFICATION BASED ON THE CARBON SKELETON AND FUNCTIONAL GROUPS. UNDERSTANDING HOW THESE
COMPONENTS ARE COMBINED TO FORM A NAME CAN BE VIEWED AS A FORM OF ALGEBRAIC SUBSTITUTION, WHERE DIFFERENT
FUNCTIONAL GROUPS OR SUBSTITUENTS ARE ADDED TO A BASE STRUCTURE, AND THE NAME REFLECTS THESE ADDITIONS IN A
CONSISTENT WAY.

PRreDICTING REACTION PRODUCTS AND MECHANISMS

UNDERSTANDING REACTION MECHANISMS IN ORGANIC CHEMISTRY OFTEN INVOLVES TRACING THE MOVEMENT OF ELECTRONS.
\WHILE THIS IS A CONCEPTUAL PROCESS, PREDICTING THE OUTCOME OF REACTIONS AND THE STRUCTURE OF PRODUCTS RELIES
ON RECOGNIZING PATTERNS AND APPLYING PRINCIPLES THAT CAN BE FORMALIZED. FOR INSTANCE, PREDICTING THE
REGIOCHEMISTRY OR STEREOCHEMISTRY OF A REACTION MIGHT INVOLVE CONSIDERING MULTIPLE POSSIBLE PATHWAYS AND
SELECTING THE MOST ENERGETICALLY FAVORABLE ONE, A PROCESS THAT CAN BE MATHEMATICALLY MODELED. FURTHERMORE,
UNDERSTANDING HOW FUNCTIONAL GROUPS INFLUENCE REACTIVITY CAN BE SEEN AS UNDERSTANDING HOW DIFFERENT
“VARIABLES” (FUNCTIONAL GROUPS) AFFECT THE “ouTcoMe” (REACTIVITY).

ADVANCED APPLICATIONS AND PROBLEM-SOLVING STRATEGIES

AS STUDENTS PROGRESS IN THEIR CHEMISTRY EDUCATION, THEY ENCOUNTER MORE COMPLEX PROBLEMS THAT DEMAND A HIGHER
LEVEL OF ALGEBRAIC SOPHISTICATION. THESE OFTEN INVOLVE SYSTEMS OF EQUATIONS, GRAPHICAL ANALYSIS, AND THE
APPLICATION OF CALCULUS-DERIVED CONCEPTS, EVEN IF THE CALCULUS ITSELF ISN'T EXPLICITLY REQUIRED.



SyYSTEMS OF EQUATIONS

IN ADVANCED TOPICS LIKE CHEMICAL THERMODYNAMICS, PHYSICAL CHEMISTRY, OR COMPLEX REACTION NETWORK ANALYSIS,
STUDENTS MAY NEED TO SOLVE SYSTEMS OF SIMULTANEOUS EQUATIONS. THIS COULD INVOLVE RELATING ENTHALPY, ENTROPY,
AND GIBBS FREE ENERGY, OR DESCRIBING THE KINETICS OF MULTIPLE INTERACTING REACTIONS. THE ABILITY TO USE SUBSTITUTION
OR ELIMINATION METHODS TO SOLVE FOR MULTIPLE UNKNOWNS IS A DIRECT APPLICATION OF ADVANCED ALGEBRA.

GRAPHICAL ANALYSIS AND CURVE FITTING

EXPERIMENTAL DATA IN CHEMISTRY IS FREQUENTLY PRESENTED AND ANALYZED GRAPHICALLY. UNDERSTANDING HOW TO
INTERPRET GRAPHS, DETERMINE SLOPES AND INTERCEPTS, AND USE LINEAR REGRESSION TO FIT DATA TO LINEAR MODELS IS
CRUCIAL. BEYOND LINEAR FITS, STUDENTS MAY ENCOUNTER THE NEED TO FIT DATA TO POLYNOMIAL, EXPONENTIAL, OR
LOGARITHMIC CURVES, WHICH REQUIRES AN UNDERSTANDING OF HOW THESE FUNCTIONS BEHAVE AND HOW TO USE SOFT\W ARE
TOOLS TO FIND THE BEST-FIT PARAMETERS.

DiMensIONAL ANALYSIS AND UNIT CONSISTENCY

\W/HILE INTRODUCED EARLY, THE MASTERY OF DIMENSIONAL ANALYSIS REMAINS A CRITICAL PROBLEM-SOLVING STRATEGY
THROUGHOUT A CHEMISTRY CURRICULUM. |T IS A POWERFUL ALGEBRAIC TOOL THAT HELPS PREVENT ERRORS BY ENSURING THAT
UNITS CANCEL CORRECTLY IN COMPLEX CALCULATIONS. THINKING OF UNITS AS ALGEBRAIC VARIABLES THAT CAN BE MULTIPLIED
AND DIVIDED IS KEY TO SUCCESS HERE.

RESOURCES FOR STRENGTHENING ALGEBRAIC SKILLS IN CHEMISTRY

RECOGNIZING THE IMPORTANCE OF COLLEGE ALGEBRA FOR CHEMISTRY, STUDENTS HAVE ACCESS TO NUMEROUS RESOURCES TO
BOLSTER THEIR MATHEMATICAL SKILLS. PROACTIVE ENGAGEMENT WITH THESE RESOURCES CAN SIGNIFICANTLY SMOOTH THE
TRANSITION INTO CHEMISTRY COURSES.

e TEXTBOOK APPENDICES: MANY CHEMISTRY TEXTBOOKS INCLUDE APPENDICES THAT REVIEW ESSENTIAL MATHEMATICAL
CONCEPTS, INCLUDING ALGEBRA, LOGARITHMS, AND SCIENTIFIC NOTATION.

o UNIVERSITY TUTORING CENTERS: MOST UNIVERSITIES OFFER FREE TUTORING SERVICES FOR MATHEMATICS AND SCIENCE
COURSES. THESE CENTERS PROVIDE PERSONALIZED HELP AND PRACTICE OPPORTUNITIES.

o ONLINE MATH RESOURCES: W/EBSITES LIKE KHAN ACADEMY, PAUL'S ONLINE MATH NOTES, AND NUMEROUS OTHER
EDUCATIONAL PLATFORMS OFFER COMPREHENSIVE LESSONS, PRACTICE PROBLEMS, AND VIDEO EXPLANATIONS ON ALL
TOPICS COVERED IN COLLEGE ALGEBRA.

® STubY GROUPS: COLLABORATING WITH PEERS CAN BE HIGHLY EFFECTIVE. EXPLAINING ALGEBRAIC CONCEPTS TO OTHERS
AND WORKING THROUGH PROBLEMS TOGETHER REINFORCES UNDERST ANDING.

® PRACTICE PROBLEMS: THE MOST CRUCIAL RESOURCE IS CONSISTENT PRACTICE. W ORKING THROUGH A WIDE VARIETY OF
ALGEBRA PROBLEMS, ESPECIALLY THOSE WITH CHEMISTRY APPLICATIONS, WILL BUILD CONFIDENCE AND FLUENCY.



FAQ

QZ \WHY IS COLLEGE ALGEBRA CONSIDERED SO IMPORTANT FOR CHEMISTRY STUDENTS?

A: COLLEGE ALGEBRA PROVIDES THE FUNDAMENTAL MATHEMATICAL LANGUAGE AND TOOLS NECESSARY TO UNDERSTAND,
QUANTIFY, AND PREDICT CHEMICAL PHENOMENA. \WITHOUT A STRONG ALGEBRAIC FOUNDATION, STUDENTS WILL STRUGGLE WITH
ESSENTIAL CALCULATIONS SUCH AS STOICHIOMETRY, GAS LAW MANIPULATIONS, PH CALCULATIONS, AND INTERPRETING
REACTION KINETICS, WHICH ARE CORE TO CHEMISTRY.

Q: WHAT ARE THE MOST COMMON ALGEBRAIC CONCEPTS THAT CHEMISTS USE
REGULARLY?

A: THE MOST FREQUENTLY USED ALGEBRAIC CONCEPTS INCLUDE SOLVING LINEAR EQUATIONS, MANIPULATING EXPONENTS AND
SCIENTIFIC NOTATION, UNDERSTANDING VARIABLES AND CONSTANTS, WORKING WITH LOGARITHMS AND EXPONENTIAL FUNCTIONS
(ESPECIALLY FOR PH AND REACTION RATES), AND PERFORMING DIMENSIONAL ANALYSIS FOR UNIT CONVERSIONS.

QI How DOES ALGEBRA HELP IN UNDERSTANDING CHEMICAL EQUATIONS?

A: ALGEBRA HELPS IN BALANCING CHEMICAL EQUATIONS BY TREATING COEFFICIENTS AS VARIABLES TO BE SOLVED FOR, ENSURING
THE CONSERVATION OF MASS. IT ALSO PROVIDES THE FRAMEWORK FOR USING THE MOLE RATIOS FROM BALANCED EQUATIONS AS
CONVERSION FACTORS IN STOICHIOMETRIC CALCULATIONS, ALLOWING US TO PREDICT REACTANT AND PRODUCT QUANTITIES.

Q: \WHAT ROLE DO LOGARITHMS AND EXPONENTIALS PLAY IN CHEMISTRY?

A: LOGARITHMS ARE CRUCIAL FOR UNDERSTANDING SCALES LIKE PH/ POH, AND PKA, WHICH ALLOW CHEMISTS TO WORK WITH
VERY LARGE OR SMALL CONCENTRATION VALUES. EXPONENTIAL FUNCTIONS ARE FUNDAMENTAL TO DESCRIBING PROCESSES OF
DECAY AND GROWTH, SUCH AS THE DECREASE IN REACTANT CONCENTRATION OVER TIME IN FIRST-ORDER REACTIONS.

Q: IS CALCULUS NECESSARY FOR GENERAL CHEMISTRY, OR IS COLLEGE ALGEBRA
SUFFICIENT?

A: FOR INTRODUCTORY GENERAL CHEMISTRY, A STRONG GRASP OF COLLEGE ALGEBRA IS GENERALLY SUFFICIENT. HO\X/EVER,
UNDERSTANDING THE CONCEPTS BEHIND LOGARITHMIC AND EXPONENTIAL FUNCTIONS, WHICH ARE OFTEN COVERED IN COLLEGE
ALGEBRA, IS VITAL. MORE ADVANCED CHEMISTRY COURSES, SUCH AS PHYSICAL CHEMISTRY, WILL HEAVILY INCORPORATE
CALCULUS.

Q: HowW CAN A STUDENT IMPROVE THEIR ALGEBRA SKILLS SPECIFICALLY FOR
CHEMISTRY?

A: STUDENTS CAN IMPROVE THEIR ALGEBRA SKILLS FOR CHEMISTRY BY ACTIVELY SEEKING OUT CHEMISTRY-SPECIFIC ALGEBRA
PROBLEMS, UTILIZING TEXTBOOK APPENDICES THAT REVIEW MATH CONCEPTS, WORKING WITH TUTORS, AND PRACTICING
CONSISTENTLY WITH ONLINE RESOURCES THAT EXPLAIN ALGEBRAIC PRINCIPLES IN A CHEMICAL CONTEXT.

Q: CAN YOU GIVE AN EXAMPLE OF AN ALGEBRAIC CONCEPT APPLIED DIRECTLY IN A
CHEMISTRY LAB?

A: YES, WHEN PERFORMING A TITRATION TO DETERMINE THE CONCENTRATION OF AN UNKNOWN ACID OR BASE, STUDENTS USE
ALGEBRAIC PRINCIPLES TO CALCULATE THE MOLES OF TITRANT USED AND THEN APPLY STOICHIOMETRY AND MOLAR MASS
CONVERSIONS TO FIND THE MOLARITY OF THE UNKNOWN SOLUTION. THIS INVOLVES REARRANGING FORMULAS AND SETTING UP
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