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7.2 LitTers OF AN IpeaL GAs Are ConTAINED AT 4.0 ATM ANp 27°C. UsING THE IpeaL GAs Law, CALCULATE How To
DETERMINE THE VOLUME, PRESSURE, TEMPERATURE, OR AMOUNT OF GAS INVOLVED IN VARIOUS SCENARIOS IS A FUNDAMENTAL
ASPECT OF UNDERSTANDING CHEMISTRY AND PHYSICS. THE IDEAL GAS LAW PROVIDES A STRAIGHTFORWARD WAY TO RELATE
THESE VARIABLES AND SOLVE FOR UNKNOWNS, MAKING IT AN ESSENTIAL TOOL FOR STUDENTS, SCIENTISTS, AND ENGINEERS ALIKE.
THIS ARTICLE WILL EXPLORE HOW TO APPLY THE IDEAL GAS LAW IN PRACTICAL CALCULATIONS, STARTING WITH THE
PROVIDED CONDITIONS: 7.2 LITERS OF AN IDEAL GAS AT 4.0 ATM AND 27°C, AND EXTENDING TO VARIOUS RELATED
QUESTIONS.

UNDERSTANDING THE IDEAL GAS LAW

THE IbEAL GAS LAW IS EXPRESSED AS:

PV =nNRT

\WHERE!:

® P = pReSSURE (IN ATMOSPHERES, ATM)

V = voLume (IN LITERS, L)

N = NUMBER OF MOLES OF GAS
e R = IDEAL GAS consTANT (0.0821 L-atm/(MoL'K))

o T = TemperATURE (IN KELVIN, K)

THIS EQUATION LINKS THE FOUR MAIN VARIABLES OF A GAS SAMPLE, ALLOWING US TO CALCULATE ANY ONE OF THEM IF THE
OTHERS ARE KNOWN.

CONVERTING TEMPERATURE TO KELVIN

SINCE THE IDEAL GAS LAW USES KELVIN, THE FIRST STEP IS TO CONVERT THE GIVEN TEMPERATURE!

TeMPERATURE CONVERSION

1. GIVEN TEMPERATURE: 27°C
2. CoNVERSION FORMULA: T(K) = T(°C) + 273.15

3. CALCULATION: 27 + 273.15=300.15K



For siMPLICITY, THIS IS OFTEN ROUNDED To 300.15 K or 300 K IN CALCULATIONS.

CALCULATING THE NUMBER OF MoLEs ofF GAS

SUPPOSE WE WANT TO DETERMINE HOW MANY MOLES OF GAS ARE PRESENT IN THE 7.2 LITERS UNDER THE GIVEN CONDITIONS.

APPLYING THE IDEAL GAS LAW

USING THE FORMULA:
PV =nNRT
REARRANGED TO SOLVE FOR N:

N=PV /RT

INPUT V ALUES

P=40ATM

V=72L

R=0.0821L-atm/(MoLK)

T=300K

CALCULATION

N= (4.0 ATM)(7.2 L) / (0.0827 L-aT™/(MoL'K) x 300 K)
N=28.8/24.63~1.17MoL

RESULT: APPROXIMATELY 1.17 MOLES OF GAS ARE CONTAINED WITHIN THE 7.2 LITERS AT 4.0 ATM AND 27°C.

ExPLORING V ARIATIONS: HOW CHANGING CONDITIONS AFFECT THE GAS

THE VERSATILITY OF THE IDEAL GAS LAW ALLOWS FOR VARIOUS CALCULATIONS DEPENDING ON WHAT VARIABLE YOU WANT
TO FIND. HERE ARE SOME COMMON SCENARIOS:

1. WHAT IS THE VOLUME IF THE NUMBER OF MOLES, PRESSURE, AND TEMPERATURE ARE
KNOWN?P

SUPPOSE THE NUMBER OF MOLES IS 1.17 MoL, PRESSURE REMAINS AT 4.0 ATM, AND TEMPERATURE IS 300 K. To FIND VOLUME:



V=NRT /P

PLUGGING IN THE VALUES:

V =(1.17 moL)(0.0821 L-a™™/(MoLK))(300K) / 4.0 ATM
V = (1.17)(0.0821)(300)/ 4.0

V=~288/40=72L

THIS CONFIRMS THE INITIAL VOLUME, ILLUSTRATING CONSISTENCY IN CALCULATIONS.

2. How DOES PRESSURE CHANGE IF VOLUME AND TEMPERATURE ARE FIXED?

IF VOLUME AND TEMPERATURE ARE CONSTANT, INCREASING THE NUMBER OF MOLES INCREASES PRESSURE PROPORTIONALLY:
P=NRT/V

FOR EXAMPLE, DOUBLING THE MOLES To 2.34 MoL:

P=(2.34mMoL)(0.0821)(300) / 7.2 =~ 8.0 ATM

KEY INSIGHT: PRESSURE |S DIRECTLY PROPORTIONAL TO THE NUMBER OF MOLES WHEN OTHER VARIABLES ARE HELD CONSTANT.
3. How DOES TEMPERATURE INFLUENCE THE PRESSURE AT CONSTANT VOLUME AND
MOLES?

IF THE VOLUME AND MOLES ARE FIXED, INCREASING TEMPERATURE INCREASES PRESSURE:
P=NRT/V

SUPPOSE TEMPERATURE RISES FROM 300 K To 600 K:

P new = (1.17 MoL)(0.0821)(600) / 7.2 = 8.0 ATM

OBSERVATION: DOUBLING THE TEMPERATURE DOUBLES THE PRESSURE.

PrRACTICAL APPLICATIONS OF THE IDEAL GAS LAW

UNDERSTANDING HOW TO MANIPULATE AND INTERPRET THE IDEAL GAS LAW IS CRUCIAL IN VARIOUS REAL-WORLD CONTEXTS:

CHeMicAL REACTIONS AND GAS STOICHIOMETRY

THE LAW ASSISTS IN PREDICTING THE AMOUNT OF GAS PRODUCED OR CONSUMED DURING REACTIONS, ESSENTIAL IN LABORATORY
AND INDUSTRIAL CHEMISTRY.

ENGINEERING AND DeSIGN OF GAS CONTAINERS



DESIGNERS USE THESE CALCULATIONS TO DETERMINE SAFE PRESSURE LIMITS AND OPTIMAL STORAGE CONDITIONS FOR GASES.

ENVIRONMENTAL SCIENCE

SCIENTISTS MODEL ATMOSPHERIC GASES, POLLUTION DISPERSION, AND GREENHOUSE EFFECTS USING THE LAW.

LiMITATIONS AND REAL-\Y orLD CONSIDERATIONS

\W/HILE THE IDEAL GAS LAW IS A POWERFUL TOOL, IT HAS LIMITATIONS:
® |T ASSUMES GASES ARE IDEAL, MEANING PARTICLES DO NOT INTERACT AND OCCUPY NO VOLUME, WHICH ISN'T ACCURATE
AT VERY HIGH PRESSURES OR LOW TEMPERATURES.
® REAL GASES DEVIATE FROM IDEALITY NEAR LIQUEFACTION POINTS OR UNDER EXTREME CONDITIONS.

® FOR PRECISE CALCULATIONS UNDER SUCH CONDITIONS, REAL GAS EQUATIONS LIKE THE VAN DER W AALS EQUATION ARE
USED.

CoNcLusioN: APPLYING THE IDEAL GAS LAW EFFECTIVELY

STARTING WITH THE INITIAL CONDITIONS— 7.2 LITERS OF AN IDEAL GAS AT 4.0 ATM AND 27°C—YOU CAN DETERMINE THE
NUMBER OF MOLES, PREDICT HOW VOLUME CHANGES WITH PRESSURE AND TEMPERATURE, OR UNDERSTAND HOW DIFFERENT
VARIABLES INFLUENCE EACH OTHER. MASTERING THESE CALCULATIONS ENHANCES YOUR COMPREHENSION OF GASES AND THEIR
BEHAVIORS IN VARIOUS SCIENTIFIC AND ENGINEERING CONTEXTS.

BY UNDERSTANDING THE CORE PRINCIPLES AND PRACTICING DIFFERENT SCENARIOS, YOU CAN CONFIDENTLY UTILIZE THE IDEAL GAS
LAW TO SOLVE REAL-WORLD PROBLEMS EFFICIENTLY AND ACCURATELY.

FREQUENTLY AskeD QUESTIONS

\WHAT IS THE IDEAL GAS LAW FORMULA USED TO CALCULATE THE NUMBER OF MOLES IN
A GAS SAMPLE?

THE IDEAL GAS LAW FORMULA IS PV = NRT, WHERE P 1S PRESSURE, V IS VOLUME, N IS NUMBER OF MOLES, R IS THE GAS
CONSTANT, AND T IS TEMPERATURE IN KELVIN.

How po You CoNVERT CELSIUS TEMPERATURE TO KELVIN FOR GAS LAW
CALCULATIONS?

ADD 273.15 To THE CELSIUS TEMPERATURE TO CONVERT IT TO KELVIN. FOR EXAMPLE, 27°C = 300.15 K.

GIVEN A VOLUME OF 7.2 LITERS, PRESSURE OF 4.0 ATM, AND TEMPERATURE OF 27°C,



HOW MANY MOLES OF AN IDEAL GAS ARE PRESENT?

Using PV =n~RT, N =(PV) / (RT). SUsSTITUTING THE VALUES: N = (4.0 aATM 7.2 L) / (0.0821 L-AaTM/(MOL"K)
300.15K) = 1.17 MoLEs.

\WHAT IS THE VALUE OF THE GAS CONSTANT R USED IN THE IDEAL GAS LAW
CALCULATIONS?

THe GAS coNsTANT R 1s 0.082 1 L-atm/(MoL'K).

How DOES CHANGING THE PRESSURE OR TEMPERATURE AFFECT THE NUMBER OF MOLES IN
A FIXED VOLUME OF GAS?

IN A FIXED VOLUME, INCREASING PRESSURE OR TEMPERATURE WILL AFFECT THE NUMBER OF MOLES IF THE GAS IS NOT IDEAL, BUT
FOR AN IDEAL GAS, THE NUMBER OF MOLES REMAINS PROPORTIONAL TO PV/RT, SO CHANGES INP or T WILL ALTER N
ACCORDINGLY.

IF THE TEMPERATURE INCREASES TO 37°C , HOW DOES THAT IMPACT THE CALCULATION
OF MOLES IN THE SAME GAS SAMPLE?

CoNVERTING 37°C To KeLVIN GIVES 3 10.15 K. RECALCULATING N WITH THIS TEMPERATURE WILL TYPICALLY RESULT IN A
SLIGHTLY DIFFERENT VALUE, SHOWING THE RELATIONSHIP BETWEEN TEMPERATURE AND THE AMOUNT OF GAS, ASSUMING
PRESSURE AND VOLUME ARE CONSTANT.

CAN THE IDEAL GAS LAW BE USED ACCURATELY AT HIGH PRESSURES OR LOW
TEMPERATURES?

THE IDEAL GAS LAW BECOMES LESS ACCURATE AT HIGH PRESSURES AND LOW TEMPERATURES WHERE REAL GAS BEHAVIOR
DEVIATES FROM IDEALITY DUE TO INTERMOLECULAR FORCES AND VOLUME OCCUPIED BY GAS PARTICLES.

\WHAT STEPS ARE INVOLVED IN CALCULATING THE NUMBER OF MOLES OF GASINA 7.2 L
CONTAINER AT 4.0 ATM AND 27°C?

FIRST, CONVERT TEMPERATURE TO KELVIN (27°C = 300.15 K). THen, AppLY PV =NRT:n= (P V) / (R T). SusSTITUTE
THE KNOWN VALUES AND SOLVE FOR N TO FIND THE NUMBER OF MOLES.

ADDITIONAL RESOURCES

IDEAL GAS LAW: AN IN-DEPTH ANALYSIS OF VOLUME, PRESSURE, AND TEMPERATURE RELATIONSHIPS

THE IDEAL GAS LAW IS A CORNERSTONE OF MODERN CHEMISTRY AND PHYSICS, PROVIDING FUNDAMENTAL INSIGHTS INTO HOW
GASES BEHAVE UNDER VARIOUS CONDITIONS. IN THIS DETAILED EXPLORATION, WE WILL ANALYZE A SPECIFIC SCENARIO: A
CONTAINER HOLDING 7.2 LITERS OF AN IDEAL GAS AT A PRESSURE OF 4.0 ATM AND A TEMPERATURE OF 27°C. OUR GOAL IS TO
UNDERSTAND THE RELATIONSHIPS INVOLVED, PERFORM PRECISE CALCULATIONS, AND APPRECIATE THE SIGNIFICANCE OF THE LAW
IN REAL-\WORLD APPLICATIONS.



(UNDERSTANDING THE IDEAL GAS LAW

WHAT Is THE IDeaL GAS LAw?

THE IDEAL GAS LAW IS EXPRESSED MATHEMATICALLY AS:
\[PV =nRT \]

\W/ HERE:

- P = Pressure (ATM)

-V = VoLume (LITERS)

- N = NUMBER OF MOLES OF GAS

- R = IpeaL GAS consTANT (8.3 14 J/mMoL'K or 0.0821 L*aTM/MoLK)
- T = TeMPERATURE (KELVIN)

THIS EQUATION RELATES THE FOUR VARIABLES—PRESSURE, VOLUME, TEMPERATURE, AND AMOUNT OF GAS—ASSUMING THE
GAS BEHAVES IDEALLY, MEANING PARTICLES DO NOT INTERACT AND OCCUPY NEGLIGIBLE VOLUME.

SceNARIO OVERVIEW: GAS IN A CONTAINER

LET’S EXAMINE THE GIVEN PARAMETERS:

- Vorume (V) = 7.2 LITErRS

- Pressure (P) = 4.0 ATM

- TemperaTure (T) = 27°C

OUR GOAL IS TO DETERMINE:

- THE NUMBER OF MOLES (N) OF GAS PRESENT

- How THE VOLUME WOULD CHANGE IF THE TEMPERATURE OR PRESSURE VARIES
- ADDITIONAL INSIGHTS INTO THE BEHAVIOR OF THE GAS UNDER THESE CONDITIONS

CONVERTING TEMPERATURE TO KELVIN

SINCE THE IDEAL GAS LAW REQUIRES TEMPERATURE IN KELVIN, WE CONVERT:
\[ T(K) =TCC)+273.15\]
\[ T=27+273.15=2300.15\, \Tex{k} \]

For SIMPLICITY, WE OFTEN ROUND TO 300 K IN CALCULATIONS UNLESS VERY HIGH PRECISION IS REQUIRED.



CALCULATING THE NUMBER OF MoLES oF GAS

USING THE IDEAL GAS LAW:
\[n=\rRAC{PVHRT}\]
STEP-BY-STEP CALCULATION:
- SUBSTITUTE KNOWN VALUES:

\[ N =\rrAc{(4.0\, \Text{aT™}) \TiMes (7.2\, \TexT{L})}{(0.0821\, \TexT{L-aT™/MoL'K}) \TiMes 300\, \TexT{K}}
\]

- CALCULATE NUMERATOR:

\[ 4.0 \1iMes 7.2 = 28.8\, \TexT{L-ATM} \]

- CALCULATE DENOMINATOR:

\[ 0.0821 \1iMes 300 = 24.63\, \TexT{L-AT™/MoL} \]

- FINAL CALCULATION:

\[~n=\rrAc{28.83{24.63} \approx 1.17\, \TexT{moL} \]

RESULT: THE CONTAINER HOLDS APPROXIMATELY 1.17 MOLES OF THE IDEAL GAS.

ANALYZING THE IMPLICATIONS OF THE MOLES CALCULATED

THIS QUANTITY OF GAS, ROUGHLY 1.17 MOL, CORRESPONDS TO A SPECIFIC MASS DEPENDING ON THE GAS’S MOLAR MASS. FOR
EXAMPLE:

- For NITROGEN (N,), MOLAR MASS = 28 G/MoL:
\[ \texT{Mass} = 1.17 \1iMes 28 \approx 32.8\, \TexT{c} \]
- For oxyGen (O,), MOLAR MASS = 32 G/MoL:
\[ \texT{Mass} = 1.17 \1iMes 32 \approx 37.4\, \TexT{c} \]

THIS CONTEXTUAL UNDERSTANDING ENABLES PRACTICAL APPLICATIONS, SUCH AS ESTIMATING THE WEIGHT OF GASES IN
INDUSTRIAL PROCESSES.

ExPLORING V ARIATIONS: HowW CHANGES IN CONDITIONS AFFECT THE GAS

THE IDEAL GAS LAW ALLOWS US TO PREDICT HOW THE GAS’S BEHAVIOR WILL CHANGE WITH VARIATIONS IN PRESSURE,
TEMPERATURE, OR VOLUME. LET’S EXPLORE SOME SCENARIOS.



1. INCREASING THE TEMPERATURE AT CONSTANT PRESSURE AND V OLUME

SUPPOSE THE TEMPERATURE INCREASES FROM 2 7°C (300 K) To 50°C (323 K). How DOES THE NUMBER OF MOLES OR
VOLUME CHANGE?

- SINCE N AND V ARE CONSTANT, THE LAW SIMPLIFIES TO:

\[ \FrrRac{P \TiMes VHT} = \text{consTanT} \]

- THE VOLUME, UNDER CONSTANT PRESSURE, IS DIRECTLY PROPORTIONAL TO TEMPERATURE:

\[\FrRAC{V_THT_1} = \rrac{V_2}{T_2}\]

- THEREFORE:

\[V_2=V_1\mmMes \rrac{T_2HT 1} = 7.2\, \text{L} \TiMes \rrac{3233}{300} \approx 7.75\, \TexT{L} \]

CONCLUSION: THE VOLUME EXPANDS SLIGHTLY TO APPROXIMATELY 7.7 5 LITERS WHEN HEATED FRoOM 27°C 170 50°C AT
CONSTANT PRESSURE.

2. INCREASING PRESSURE AT CONSTANT TEMPERATURE AND VOLUME

IF THE PRESSURE INCREASES FROM 4.0 ATM TO 5.0 ATM WHILE TEMPERATURE AND VOLUME REMAIN UNCHANGED:
- THE NUMBER OF MOLES N INCREASES PROPORTIONALLY:
\[N_2 =\rrAc{P_2 VHRT} = \rrac{5.0 \TiMes 7.23{0.0821 \7iMes 300} \approx 1.46\, \TexT{moL} \]

- THIS INDICATES MORE GAS PARTICLES ARE INTRODUCED, OR THE EXISTING PARTICLES ARE COMPRESSED, INCREASING THE
NUMBER OF MOLES IN THE SAME VOLUME.

ReAL-\W/ ORLD APPLICATIONS OF THE IDEAL GAS LAW

UNDERSTANDING AND CALCULATING GAS BEHAVIOR VIA THE IDEAL GAS LAW HAS NUMEROUS APPLICATIONS ACROSS INDUSTRIES
AND SCIENTIFIC RESEARCH:

- CHEMICAL MANUFACTURING: PRECISE CONTROL OF GAS REACTIONS

- AEROSPACE ENGINEERING: DESIGNING PRESSURIZED CABINS AND FUEL SYSTEMS

- ENVIRONMENTAL SCIENCE: PREDICTING POLLUTANT DISPERSION

- MepICAL FIELD: GAS EXCHANGE IN RESPIRATORY THERAPIES

- EVERYDAY LIFE: ESTIMATING GAS QUANTITIES IN COOKING, DIVING, OR INFLATION

LiIMITATIONS AND REAL-\Y/ ORLD DEVIATIONS

\W/HILE THE IDEAL GAS LAW PROVIDES A ROBUST APPROXIMATION, REAL GASES DEVIATE UNDER CERTAIN CONDITIONS:



- HIGH PRESSURES: PARTICLES ARE FORCED CLOSER, AND INTERMOLECULAR FORCES BECOME SIGNIFICANT
- Low TEMPERATURES: MOLECULAR INTERACTIONS INFLUENCE BEHAVIOR MORE MARKEDLY
- COMPLEX GASES: POLARITY AND MOLECULAR STRUCTURE CAN ALTER IDEAL ASSUMPTIONS

REAL GASES ARE BETTER MODELED WITH EQUATIONS LIKE THE VAN DER W AALS EQUATION, WHICH ACCOUNTS FOR PARTICLE
VOLUME AND INTERMOLECULAR FORCES.

ConcLrusioN:; THeE Power ofF THE IDEAL GAS LAW

THIS COMPREHENSIVE ANALYSIS UNDERSCORES THE UTILITY AND ELEGANCE OF THE IDEAL GAS LAW. FROM CALCULATING THE
PRECISE NUMBER OF MOLES IN A GIVEN VOLUME TO PREDICTING HOW GASES RESPOND TO CHANGING CONDITIONS, THE LAW
REMAINS INDISPENSABLE IN SCIENTIFIC AND INDUSTRIAL CONTEXTS.

IN OUR SPECIFIC SCENARIO— 7.2 LITERS OF AN IDEAL GAS AT 4.0 ATM AND 27°C—WE DETERMINED THE GAS CONTAINS
APPROXIMATELY 1.17 MOLES. THIS FOUNDATIONAL CALCULATION EXEMPLIFIES HOW A SIMPLE FORMULA CAN UNLOCK DETAILED
INSIGHTS INTO THE MICROSCOPIC WORLD, ENABLING SCIENTISTS AND ENGINEERS TO DESIGN, OPTIMIZE, AND INNOVATE ACROSS
COUNTLESS FIELDS.

W/HETHER ADJUSTING CONDITIONS TO ACHIEVE DESIRED REACTIONS OR ENSURING SAFETY IN PRESSURIZED SYSTEMS, MASTERING

THE IDEAL GAS LAW CONTINUES TO BE A FUNDAMENTAL SKILL, BRIDGING THEORETICAL PRINCIPLES WITH PRACTICAL
APPLICATIONS.
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