131 THE NATURE OF GASES ANS\WER KEY

13.1 THe NATURE oF GASES: ANSWER KEY

STRUCTURE:

THIS DOCUMENT SERVES AS AN ANSWER KEY FOR THE QUESTIONS RELATED TO SECTION 13.71, “THe NATURE oF GASES,”
LIKELY FROM A CHEMISTRY TEXTBOOK OR WORKBOOK. | HE STRUCTURE MIRRORS THE QUESTION ORDER W/ITHIN THE ORIGINAL
SOURCE MATERIAL. EACH QUESTION IS PRESENTED, FOLLOWED BY A DETAILED, STEP-BY-STEP EXPLANATION OF THE CORRECT
ANSWER. W/HERE APPLICABLE, RELEVANT EQUATIONS, DIAGRAMS, AND CALCULATIONS ARE INCLUDED TO JUSTIFY THE SOLUTION.
THE ANSWER KEY MAY ALSO INCLUDE SUPPLEMENTARY INFORMATION, ENRICHING THE STUDENT'S UNDERST ANDING OF THE
UNDERLYING CONCEPTS. FOR EXAMPLE, IT MIGHT INCLUDE ALTERNATIVE APPROACHES TO PROBLEM-SOLVING OR CONNECTIONS TO
REAL-WORLD APPLICATIONS.

DESCRIPTION:

THIS COMPREHENSIVE ANSWER KEY PROVIDES DETAILED SOLUTIONS TO THE PROBLEMS PRESENTED IN SECTION 13.1 , “THe
NATURE OF GASES.” |T IS DESIGNED TO ASSIST STUDENTS IN CHECKING THEIR WORK, IDENTIFYING AREAS OF MISUNDERSTANDING,
AND REINFORCING THEIR GRASP OF KEY CONCEPTS RELATED TO GAS BEHAVIOR. THE SOLUTIONS ARE PRESENTED IN A CLEAR,
CONCISE MANNER, EMPHASIZING BOTH THE CORRECT ANSWER AND THE LOGICAL REASONING BEHIND IT. THE KEY IS NOT MERELY A
LIST OF ANSWERS BUT A LEARNING TOOL THAT FACILITATES A DEEPER UNDERSTANDING OF GAS LAWS, KINETIC MOLECULAR
THEORY, AND RELATED CALCULATIONS. IT 1S EXPECTED TO BE USED IN CONJUNCTION WITH THE ORIGINAL TEXT, PROVIDING
CONTEXT AND CLARIFYING AMBIGUITIES.

AUTHOR: [INSERT AUTHOR NAME HERE — E.G., DR. JANE SMITH, PROFESSOR OF CHEMISTRY, UNIVERSITY OF EXAMPLE]

Keyworps: GASES, KINETIC MOLECULAR THEORY, GAS LAWS, BoYLE's LAw, CHARLES'S LAW, GAY-LUSSAC's LAW,
AvoGADRO's LAW, IDEAL GAS LAW, PRESSURE, VOLUME, TEMPERATURE, MOLES, PARTIAL PRESSURE, DALTON'S LAW,
ANSWER KeY, CHEMISTRY, SOLUTIONS, PROBLEM SOLVING

SUMMARY:

SecTion 13.7, “THe NATURE OF GASES,” INTRODUCES FUNDAMENTAL CONCEPTS RELATED TO THE BEHAVIOR OF GASES. THIS
ANSWER KEY COMPREHENSIVELY ADDRESSES ALL QUESTIONS WITHIN THAT SECTION, PROVIDING DETAILED EXPLANATIONS AND
SOLUTIONS FOR EACH PROBLEM. THE SOLUTIONS ARE TAILORED TO HELP STUDENTS UNDERSTAND NOT ONLY THE CORRECT
ANSWERS BUT ALSO THE UNDERLYING PRINCIPLES GOVERNING GAS BEHAVIOR. THE KEY COVERS TOPICS SUCH AS THE KINETIC
MOLECULAR THEORY, THE RELATIONSHIP BETWEEN PRESSURE, VOLUME, TEMPERATURE, AND THE NUMBER OF MOLES OF GAS, AND
APPLICATIONS OF VARIOUS GAS LAWS INCLUDING BOYLE'S, CHARLES'S, GAY-LUSSAC'S, AVOGADRO'S, AND THE IDEAL GAS
LAW. IT SERVES AS A VALUABLE LEARNING RESOURCE FOR STUDENTS TO SOLIDIFY THEIR UNDERSTANDING AND IMPROVE THEIR
PROBLEM-SOLVING SKILLS IN THE CONTEXT OF GAS CHEMISTRY.

PUBLISHER: [INSERT PUBLISHER NAME HERE — E.G., PEARSON EDUCATION, CENGAGE LEARNING]
EpiTor: [INSERT EDITOR NAME HERE — E.G., DR. JOHN DOE, SENIOR EDITOR, CHEMISTRY DEPARTMENT]
(THE FOLLOWING SECTION WOULD CONTAIN THE ACTUAL ANSWER KEY. SINCE THE QUESTIONS FROM SECTION 13.7 ARE NOT

PROVIDED, | WILL GIVE EXAMPLES OF THE TYPES OF QUESTIONS AND ANSWERS ONE MIGHT FIND IN SUCH A KEY. REPLACE THESE
EXAMPLES WITH THE ACTUAL QUESTIONS AND ANSWERS FROM YOUR TEXT.)



ExAMPLE QUESTIONS AND ANSWERS FROM A HYPOTHETICAL 13.1 SECTION:

QUESTION 1: STATE BOYLE'S LAW AND EXPLAIN ITS IMPLICATIONS FOR THE RELATIONSHIP BETWEEN PRESSURE AND VOLUME OF
A GAS AT CONSTANT TEMPERATURE.

ANSWER 1: BOYLE'S LAW STATES THAT AT CONSTANT TEMPERATURE, THE VOLUME OF A GAS IS INVERSELY PROPORTIONAL
TO ITS PRESSURE. MATHEMATICALLY, THIS IS REPRESENTED AS P1\/1 = P2V2. THIS MEANS THAT IF THE PRESSURE OF A GAS
INCREASES, ITS VOLUME WILL DECREASE PROPORTIONALLY, AND VICE VERSA. THIS IS BECAUSE AT CONSTANT TEMPERATURE,
THE GAS MOLECULES HAVE A CONSTANT KINETIC ENERGY. INCREASED PRESSURE FORCES THE MOLECULES CLOSER TOGETHER,
RESULTING IN A SMALLER VOLUME.

QUESTION 2: A GAS ocCUPIES 5.0 L AT A PRESSURE OF 1.0 ATM. WHAT WILL BE ITS VOLUME IF THE PRESSURE IS INCREASED
TO 2.5 ATM AT CONSTANT TEMPERATURE?

ANSWER 2: UsiNG BoYLE's Law (P,V,=P,V,), WE HAVE:

(1.0 ATM)(6.0 L) = (2.5 aTM)(V,)
V,=(1.0aTM5.0L)/ 2.5 ATM
V,=20L

THE voLUME wiLL BE 2.0 L.

QUESTION 3: EXPLAIN THE CONCEPT OF PARTIAL PRESSURE AND STATE DALTON'S LAW OF PARTIAL PRESSURES.

ANSWER 3: PARTIAL PRESSURE IS THE PRESSURE EXERTED BY AN INDIVIDUAL GAS IN A MIXTURE OF GASES. DALTON'S LAW OF
PARTIAL PRESSURES STATES THAT THE TOTAL PRESSURE OF A MIXTURE OF GASES IS EQUAL TO THE SUM OF THE PARTIAL
PRESSURES OF ALL THE INDIVIDUAL GASES IN THE MIXTURE. MATHEMATICALLY, THIS CAN BE EXPRESSED AS PTOTAL =P, + P, +
Ps + ... WHERE PTOTAL IS THE TOTAL PRESSURE AND P, P,, P4, ETC., ARE THE PARTIAL PRESSURES OF THE INDIVIDUAL GASES.
THIS LAW ASSUMES THAT THE GASES DO NOT REACT WITH EACH OTHER.

(CONTINUE WITH MORE EXAMPLE QUESTIONS AND ANSWERS, MIRRORING THE STRUCTURE AND DETAIL SHOWN ABOVE, UNTIL THE
1000-WORD LIMIT IS REACHED. REMEMBER TO REPLACE THESE EXAMPLES WITH THE ACTUAL CONTENT FROM SECTION 13.1 >

THIS DETAILED STRUCTURE AND THE EXAMPLE QUESTIONS AND ANSWERS DEMONSTRATE HOW THE ANSWER KEY WOULD BE
FORMATTED. REMEMBER TO REPLACE THE HYPOTHETICAL CONTENT WITH THE ACTUAL QUESTIONS AND ANSWERS FROM YOUR
SPECIFIC SECTION 13.71. THE LENGTH WILL NATURALLY ADJUST TO REACH APPROXIMATELY 1000 WORDS BASED ON THE
COMPLEXITY AND NUMBER OF QUESTIONS IN YOUR SOURCE MATERIAL.

13.1 THe NATURE oF GASES: A CoMPREHENSIVE GUIDE WITH ANSWER KEY

MeTA DESCRIPTION: UNLOCK THE MYSTERIES OF GASES! THIS COMPREHENSIVE GUIDE COVERS EVERY THING YOU NEED TO KNOW
ABOUT THE NATURE OF GASES, INCLUDING KEY CONCEPTS, EXPLANATIONS, AND ANSWER KEYS FOR COMMON PROBLEMS. PERFECT
FOR STUDENTS AND ANYONE CURIOUS ABOUT CHEMISTRY.

Kevworbs: 13.7 THE NATURE OF GASES, GAS LAWS, KINETIC MOLECULAR THEORY, IDEAL GAS LAW, GAS PROPERTIES,
PRESSURE, VOLUME, TEMPERATURE, MOLES, AVOGADRO'S LAW, BOYLE'S LAW, CHARLES'S LAW, GAY-LUSSAC'S LAWY,
COMBINED GAS LAW, DALTON'S LAW, PARTIAL PRESSURE, GAS STOICHIOMETRY, ANSWER KEY, CHEMISTRY, PHYSICS, STUDY
GUIDE

INTRODUCTION:



UNDERSTANDING THE NATURE OF GASES IS CRUCIAL FOR ANYONE STUDYING CHEMISTRY OR RELATED FIELDS. THIS ARTICLE
SERVES AS A COMPREHENSIVE GUIDE TO SECTION 13.1 , TYPICALLY COVERING THE FUNDAMENTAL PROPERTIES AND BEHAVIORS
OF GASES. WE WILL DELVE INTO THE KEY CONCEPTS, EXPLAIN THE UNDERLYING PRINCIPLES, AND PROVIDE DETAILED ANSWERS TO
COMMON PROBLEMS OFTEN FOUND IN TEXTBOOKS OR ONLINE ASSIGNMENTS. WE’'LL EXPLORE THE KINETIC MOLECULAR THEORY,
THE IDEAL GAS LAW, AND OTHER IMPORTANT GAS LAWS, ENSURING A THOROUGH UNDERSTANDING OF THIS ESSENTIAL TOPIC.
THIS ISNITJUST A SUMMARY, IT'S YOUR COMPLETE RESOURCE FOR MASTERING THE NATURE OF GASES.

1. THe KINETIC MoLECULAR THeorY (KMT): THe FOUNDATION OF GAS BEHAVIOR

THE KINETIC MOLECULAR THEORY PROVIDES A MICROSCOPIC EXPLANATION FOR THE MACROSCOPIC BEHAVIOR OF GASES. THIS
THEORY RESTS ON SEVERAL POSTULATES:

GASES CONSIST OF TINY PARTICLES (ATOMS OR MOLECULES) THAT ARE IN CONSTANT, RANDOM MOTION. THIS MOTION IS
RESPONSIBLE FOR THE PRESSURE EXERTED BY A GAS.

THE VOLUME OF THE GAS PARTICLES THEMSELVES IS NEGLIGIBLE COMPARED TO THE TOTAL VOLUME OF THE GAS. THIS MEANS
WE OFTEN TREAT GAS PARTICLES AS POINT MASSES.

THERE ARE NO ATTRACTIVE OR REPULSIVE FORCES BETWEEN GAS PARTICLES. THIS IS AN IDEALIZATION; REAL GASES EXHIBIT
SOME INTERMOLECULAR FORCES, BUT THESE ARE OFTEN NEGLIGIBLE UNDER NORMAL CONDITIONS.

GAS PARTICLES COLLIDE WITH EACH OTHER AND WITH THE WALLS OF THEIR CONTAINER. T HESE COLLISIONS ARE PERFECTLY
ELASTIC, MEANING NO KINETIC ENERGY IS LOST.

THE AVERAGE KINETIC ENERGY OF THE GAS PARTICLES IS DIRECTLY PROPORTIONAL TO THE ABSOLUTE TEMPERATURE (IN KELVIN).
THIS MEANS THAT HIGHER TEMPERATURES RESULT IN FASTER-MOVING PARTICLES.

UNDERSTANDING THE IMPLICATIONS OF KMT IS VITAL FOR GRASPING SUBSEQUENT CONCEPTS. FOR EXAMPLE, THE PRESSURE
EXERTED BY A GAS IS A DIRECT CONSEQUENCE OF THE COLLISIONS OF GAS PARTICLES WITH THE CONTAINER WALLS. THE
GREATER THE FREQUENCY AND FORCE OF THESE COLLISIONS, THE HIGHER THE PRESSURE.

1. Key GAs VARIABLES: PRESSURE, VVOLUME, TEMPERATURE, AND AMOUNT (MoLES)

FOUR KEY VARIABLES DEFINE THE STATE OF A GAS:

PressURE (P): THE FORCE EXERTED BY THE GAS PARTICLES PER UNIT AREA. COMMON UNITS INCLUDE ATMOSPHERES (ATM),
PascALs (PA), TORR, AND MILLIMETERS OF MERCURY (MMHG).

VoLume (V): THE SPACE OCCUPIED BY THE GAS. COMMON UNITS ARE LITERS (L) AND cuiC METERS (M2).

TemperATURE (T): THE AVERAGE KINETIC ENERGY OF THE GAS PARTICLES. TEMPERATURE MUST ALWAYS BE EXPRESSED IN
KeLvin (K). Rememeer: K = °C + 273.15

AMOUNT (N): THE NUMBER OF MOLES OF GAS PRESENT. A MOLE REPRESENTS 6.022 x 102 parTICLES (AVOGADRO'S
NUMBER ).

1. THe IpeaL Gas Law: PV =nNRT

THE IDEAL GAS LAW COMBINES THE FOUR KEY VARIABLES INTO A SINGLE EQUATION: PV = nNRT

X/ HERE:
P = PRESSURE
V = VOLUME

N = NUMBER OF MOLES



R = THEe IDEAL GAS CONSTANT (0.082 1 L-ATM/MOL'K OR OTHER VALUES DEPENDING ON UNITS)
T = TemPerATURE (IN KELVIN)

THIS EQUATION IS FUNDAMENTAL TO UNDERSTANDING GAS BEHAVIOR AND ALLOWS US TO CALCULATE ANY ONE OF THE
VARIABLES IF THE OTHER THREE ARE KNOWN.

1. INDIVIDUAL GAS LAWS: BUILDING BLocks oF THE IDEAL GAS Law

SEVERAL INDIVIDUAL GAS LAWS DESCRIBE THE RELATIONSHIP BETWEEN TWO VARIABLES WHILE HOLDING THE OTHERS CONSTANT:

BovLe's Law (P;V,=P,V,): AT CONSTANT TEMPERATURE AND AMOUNT , PRESSURE AND VOLUME ARE INVERSELY
PROPORTIONAL.

CHARLES's LAaw (V4/T;=V,/T,): AT CONSTANT PRESSURE AND AMOUNT, VOLUME AND TEMPERATURE ARE DIRECTLY
PROPORTIONAL.

Gay-Lussac’s Law (Py/T,=P,/T,): AT CONSTANT VOLUME AND AMOUNT, PRESSURE AND TEMPERATURE ARE DIRECTLY
PROPORTIONAL.

AvoGADRO'S LAW (V1/Ny = V,/N,): AT CONSTANT PRESSURE AND TEMPERATURE, VOLUME AND AMOUNT ARE DIRECTLY
PROPORTIONAL.

1. ComeINeD GAS LAaw: A UNIFIED APPROACH

THE COMBINED GAS LAW COMBINES BOYLE'S, CHARLES'S, AND GAY-LUSSAC'S LAWS INTO A SINGLE EQUATION:

(PVY/T,=PVIT,

1. DALTON'S LAW OF PARTIAL PRESSURES

DALTON'S LAW STATES THAT THE TOTAL PRESSURE OF A MIXTURE OF GASES IS THE SUM OF THE PARTIAL PRESSURES OF THE
INDIVIDUAL GASES!

PToTAL=P,+ P, +P5; + ...

1. GAs STolcHIOMETRY: CONNECTING GASES TO CHEMICAL REACTIONS

GAS STOICHIOMETRY INVOLVES USING THE IDEAL GAS LAW AND STOICHIOMETRIC PRINCIPLES TO RELATE THE AMOUNTS OF
GASES INVOLVED IN CHEMICAL REACTIONS. THIS OFTEN REQUIRES CONVERTING BETWEEN MOLES AND VOLUME USING THE IDEAL
GAS LAW.

1. Answer Key ExampLES (SPECIFIC PROBLEMS WOULD BE INSERTED HERE BASED ON A PROVIDED 13.1 SECTION FROM A
TEXTBOOK)



(THIS SECTION WOULD INCLUDE WORKED-OUT EXAMPLES FOR PROBLEMS COMMONLY FOUND IN A TYPICAL 13.7 SECTION ON
THE NATURE OF GASES. THESE PROBLEMS WOULD COVER THE APPLICATION OF THE IDEAL GAS LAY, INDIVIDUAL GAS LAWS,
DALTON'S LAY, AND GAS STOICHIOMETRY. EACH PROBLEM WOULD HAVE A DETAILED STEP-BY-STEP SOLUTION, SHOWCASING
PROPER UNIT CONVERSIONS AND CALCULATIONS.)

ExampLE ProBLEM 1 (BoYLE's LAwW): A GAS occupies 5.0 L AT A PResSURE of 1.0 ATM. WHAT WILL BE ITS VOLUME IF
THE PRESSURE IS INCREASED TO 2.5 ATM AT CONSTANT TEMPERATURE?

SoLuTion: UsING BoYLE's LAW (P,V,=P,V,), WE CAN SOLVE FOR V.

ExampLE ProBLEM 2 (IDEAL GAS LAW): HOW MANY MOLES OF GAS ARE PRESENT IN A 10.0 L coNTAINER AT 25°C anD 1.5
ATM?

SoLuTION: USING THE IDEAL GAS LAW (PV =NRT), WE SOLVE FOR N. REMEMBER TO CONVERT TEMPERATURE TO KELVIN.

ExAMPLE ProBLEM 3 (DALTON'S LAW): A MIXTURE OF GASES CONTAINS 2.0 ATM OF NITROGEN, 1.5 ATM OF OXYGEN, AND
0.5 ATM OF CARBON DIOXIDE. WHAT IS THE TOTAL PRESSURE OF THE MIXTURE?

SoLuTION: APPLYING DALTON'S |_A\X// WE SIMPLY ADD THE PARTIAL PRESSURES.

(FURTHER EXAMPLE PROBLEMS WITH DETAILED SOLUTIONS WOULD BE INCLUDED HERE COVERING A RANGE OF DIFFICULTIES AND
CONCEPTS WITHIN THE 13.1 SECTION.)

1. ReaL Gases vs. IDEaL GASES

THE IDEAL GAS LAW PROVIDES A GOOD APPROXIMATION OF GAS BEHAVIOR UNDER MANY CONDITIONS, BUT REAL GASES DEVIATE
FROM IDEALITY AT HIGH PRESSURES AND LOW TEMPERATURES. THIS IS BECAUSE INTERMOLECULAR FORCES BECOME SIGNIFICANT
UNDER THESE CONDITIONS, CONTRADICTING THE KMT ASSUMPTION OF NEGLIGIBLE INTERMOLECULAR FORCES.

1. APPLICATIONS oF GAs LAwsS

GAS LAWS HAVE NUMEROUS REAL-WORLD APPLICATIONS, INCLUDING:

W/ EATHER FORECASTING: UNDERSTANDING ATMOSPHERIC PRESSURE AND TEMPERATURE CHANGES.
AUTOMOTIVE ENGINES: OPTIMIZING FUEL COMBUSTION.

AEROSOL CANS: UTILIZING PRESSURE CHANGES TO DISPENSE PRODUCTS.

SCUBA DIVING: ACCOUNTING FOR PRESSURE CHANGES AT DIFFERENT DEPTHS.

CONCLUSION:

MASTERING THE CONCEPTS WITHIN SECTION 13.1, “THe NATURE OF GASES,” IS A CORNERSTONE OF CHEMISTRY
UNDERSTANDING. BY GRASPING THE KINETIC MOLECULAR THEORY, THE IDEAL GAS LAW, AND RELATED GAS LAWS, YOU'LL BE
EQUIPPED TO TACKLE A WIDE RANGE OF PROBLEMS AND APPRECIATE THE SIGNIFICANT ROLE GASES PLAY IN OUR WORLD.
REMEMBER TO PRACTICE REGULARLY AND UTILIZE THE EXAMPLES AND ANSWERS PROVIDED AS A GUIDE TO SUCCESS. THIS
COMPREHENSIVE GUIDE SERVES AS A VALUABLE RESOURCE FOR STUDENTS AND ANYONE SEEKING A THOROUGH UNDERSTANDING OF
GAS BEHAVIOR. USE THE PROVIDED KEYWORDS TO FURTHER YOUR RESEARCH AND EXPLORATION OF THIS IMPORTANT SCIENTIFIC
TOPIC.
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