Using The Combined Gas Law Aleks

Combined Gas Law Equations
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USING THE COMBINED GAS LAW IS ESSENTIAL FOR UNDERSTANDING THE RELATIONSHIPS AMONG TEMPERATURE, PRESSURE, AND
VOLUME OF GASES IN VARIOUS SCIENTIFIC FIELDS, INCLUDING CHEMISTRY AND PHYSICS. THIS LAW IS A CRITICAL TOOL IN BOTH
ACADEMIC STUDIES AND PRACTICAL APPLICATIONS, ALLOWING SCIENTISTS AND ENGINEERS TO PREDICT HOW A GAS WILL BEHAVE
UNDER DIFFERENT CONDITIONS. THIS ARTICLE WILL EXPLORE THE COMBINED GAS LAW, ITS DERIVATION, APPLICATIONS, AND
PRACTICAL EXAMPLES TO ENHANCE YOUR UNDERSTANDING OF THIS FUNDAMENTAL PRINCIPLE.

UNDERSTANDING THE CoMBINED GAS LAW

THE COMBINED GAS LAW IS A MATHEMATICAL RELATIONSHIP THAT COMBINES THREE INDIVIDUAL GAS LAWS: BOYLE's LAW,
CHARLES'S LAW, AND GAY-LUSSAC's LAW. EACH OF THESE LAWS DESCRIBES HOW GASES BEHAVE UNDER SPECIFIC
CONDITIONS:

- BoYLE'S LAW STATES THAT THE PRESSURE OF A GAS IS INVERSELY PROPORTIONAL TO ITS VOLUME WHEN THE TEMPERATURE
IS HELD CONSTANT. THIS CAN BE EXPRESSED AS:

\[
P 1V 1=P 2V 2
\]

- CHARLES'S LAW STATES THAT THE VOLUME OF A GAS IS DIRECTLY PROPORTIONAL TO ITS TEMPERATURE (IN KELVIN) \WHEN
THE PRESSURE IS HELD CONSTANT:

\[
\rrAC{V_THT 1} = \rrac{V_2XT_2}
\]

- GAY-LUsSAC's LAW STATES THAT THE PRESSURE OF A GAS IS DIRECTLY PROPORTIONAL TO ITS TEMPERATURE (IN KELVIN)
WHEN THE VOLUME IS HELD CONSTANT:



\[
\rrAC{P_THT 1} = \rrac{P_2XT_2}
\]

THE COMBINED GAS LAW INTEGRATES THESE THREE RELATIONSHIPS INTO A SINGLE EQUATION, WHICH IS USEFUL FOR SOLVING
PROBLEMS \WHERE MORE THAN ONE VARIABLE CHANGES:

\[
\rrAC{P_T1V_T1HT_1}=\rrac{P_2V_2}{T 23
\]

DerIVING THE CoMBINED GAS LAW

To DERIVE THE COMBINED GAS LAW, WE START WITH THE THREE INDIVIDUAL LAWS MENTIONED ABOVE.

1. FroM BoYLE's LAW, WE CAN EXPRESS TEMPERATURE AS A CONSTANT:
/

\[

P \propTo \FRAC{ 1XV} \QuaD (T \TeXT{ cCONSTANT})

\]

2. FRoM CHARLES'S LAW, WE EXPRESS PRESSURE AS A CONSTANT:
\[

V \propTo T \QuAD (P \TEXT{ CONSTANT})

\]

3. FrRoM GAY-LUSSAC’'S LAW, WE EXPRESS VOLUME AS A CONSTANT:
\[

P \propTo T \QuAaD (V \TEXT{ cONSTANT})

\]

BY COMBINING THESE RELATIONSHIPS, WE FIND THAT:

\[

PV \propTO T

\]

THIS LEADS US TO THE COMBINED GAS LAY, WHICH HOLDS TRUE WHEN THE AMOUNT OF GAS REMAINS CONSTANT. IT's
IMPORTANT TO REMEMBER THAT ALL TEMPERATURES MUST BE IN KELVIN FOR THESE FORMULAS TO WORK CORRECTLY.

APPLICATIONS oF THE CoMBINED GAS LAW

THE COMBINED GAS LAW HAS NUMEROUS PRACTICAL APPLICATIONS ACROSS VARIOUS FIELDS. HERE ARE SOME OF THE MOST
COMMON USES:

® L ABORATORY EXPERIMENTS: SCIENTISTS USE THE COMBINED GAS LAW TO PREDICT HOW GASES WILL RESPOND TO
CHANGES IN PRESSURE, VOLUME, AND TEMPERATURE DURING EXPERIMENTS.

® ENGINEERING: ENGINEERS APPLY THE COMBINED GAS LAW IN THE DESIGN OF EQUIPMENT THAT INVOLVES GAS STORAGE AND
USAGE, SUCH AS COMPRESSORS AND GAS TANKS.

® AEROSPACE: THE LAW IS ESSENTIAL IN THE AEROSPACE INDUSTRY FOR CALCULATING HOW GASES BEHAVE AT HIGH
ALTITUDES WHERE PRESSURE AND TEMPERATURE DIFFER SIGNIFICANTLY FROM SEA LEVEL.

® ENVIRONMENTAL SCIENCE: | T HELPS IN UNDERSTANDING HOW GASES IN THE ATMOSPHERE BEHAVE, WHICH IS CRUCIAL FOR



STUDYING AIR POLLUTION AND CLIMATE CHANGE.

ExAMPLE PRoOBLEMS UsING THE CoMBINED GAS LAW

TO FURTHER ILLUSTRATE THE USE OF THE COMBINED GAS LAV, LET’S SOLVE A COUPLE OF EXAMPLE PROBLEMS.

ExAMPLE 1: PrResSURE CHANGE

PROBLEM: A GAS HAS A VOLUME oF 5.0 L AT A PRESSURE OF 1.0 ATM AND A TEMPERATURE oF 300 K. IF THE VOLUME
CHANGES TO 10.0 L, WHAT IS THE NEW PRESSURE AT THE SAME TEMPERATURE?

SOLUTION:

USING THE COMBINED GAS LAW:

\[
\rRAC{P_1V_THT 13} =\rrac{P_2V_2}{T 2}
\]

SINCE THE TEMPERATURE IS CONSTANT (T 1 = T2), WE CAN SIMPLIFY TO:

\[
P IV_1=P 2V 2
\]

PLUGGING IN THE KNOWN VALUES:

\[
(1.0\, \rext{aT™}(5.0 \, \TexT{L}) =P_2(10.0 \, \TexT{L})
\]

SoLvinG For \(P_2\):

\[

P_2=\rrac{(1.0\, \Text{aT™})(5.0 \, \TexT{L}}{10.0 \, \texT{L}} = 0.5 \, \texT{ATM}
\]

THE NEW PRESSURE IS 0.5 ATM.

ExAMPLE 2: VoLUME CHANGE WITH TEMPERATURE

PROBLEM: A GAS OCCUPIES A VOLUME oF 2.0 L AT A PRESSURE OF 3.0 ATM AND A TEMPERATURE OF 273 K. IF THE
TEMPERATURE IS RAISED TO 546 K AND THE PRESSURE IS REDUCED TO 1.5 ATM, WHAT IS THE NEW VOLUME?

SOLUTION:

USING THE COMBINED GAS LAW:

\[
\rrAC{P_TV_T1HT_1}=\rrac{P_2V_2}{T 2}
\]

SUBSTITUTING THE KNOWN VALUES:

\[
\rRAC{(B3.0 \, \TexT{a™}(2.0 \, \TexT{L1}273 \, \1exT{K}} = \,rrAc{(1.5 \, \TexT{ATM}V_2}{546\,
\texT{K}}



\]

CROSS-MULTIPLYING GIVES:

\[
(3.0)(2.0)(546) = (1.5)V_2(273)
\]

CALCULATING THE LEFT SIDE:

\[
3.0 \TiMes 2.0 \TiMes 546 = 3276

\]

NO\X/, CALCULATING THE RIGHT SIDE:

\[
1.5 \1iMes 273 = 409.5

\]

So:

\[
3276 = 409.5V_2

\]

Now soLVe For \(V_2\):

\[

V_2 =\rrac{3276}409.5} \aprrox 8.0 \, \TexT{L}
\]

THE NEW VOLUME IS APPROXIMATELY 8.0 L.

CoNcLUSION

USING THE COMBINED GAS LAW IS ESSENTIAL FOR ANYONE STUDYING GASES, WHETHER IN AN ACADEMIC SETTING OR A
PROFESSIONAL FIELD. BY UNDERSTANDING THE RELATIONSHIPS BETWEEN PRESSURE, VOLUME, AND TEMPERATURE, YOU CAN MAKE
ACCURATE PREDICTIONS ABOUT GAS BEHAVIOR UNDER VARYING CONDITIONS. THIS KNOWLEDGE IS NOT ONLY FUNDAMENTAL IN
THEORETICAL PHYSICS AND CHEMISTRY BUT ALSO HAS REAL-WORLD APPLICATIONS IN INDUSTRIES RANGING FROM ENGINEERING TO
ENVIRONMENTAL SCIENCE. AS YOU CONTINUE TO EXPLORE THE SCIENCES, MASTERING THE COMBINED GAS LAW WILL ENHANCE
YOUR PROBLEM-SOLVING SKILLS AND DEEPEN YOUR UNDERSTANDING OF THE GASEOUS STATE OF MATTER.

FREQUENTLY AskeD QUESTIONS

\WHAT IS THE COMBINED GAS LAW AND HOW IS IT USED IN ALEKS?

THE COMBINED GAS LAW IS AN EQUATION THAT RELATES PRESSURE, VOLUME, AND TEMPERATURE OF A GAS. IN ALEKS, 1T IS
USED TO SOLVE PROBLEMS INVOLVING CHANGES IN THESE PROPERTIES, ALLOWING STUDENTS TO CALCULATE ONE VARIABLE
WHEN THE OTHERS ARE KNOWN.

How DO YOU REARRANGE THE COMBINED GAS LAW EQUATION IN ALEKS?

T O REARRANGE THE COMBINED GAS LAW EQUATION (PV/T = CONSTANT), YOU CAN ISOLATE ANY VARIABLE BY MULTIPLYING
OR DIVIDING THROUGH BY THE OTHER VARIABLES. FOR EXAMPLE, TO SOLVE FOR VOLUME (\/), YOU WOULD REARRANGE IT TO V
= nNRT/P.



CAN YOU PROVIDE AN EXAMPLE PROBLEM USING THE COMBINED GAS LAW IN ALEKS?

SURE! IF A GAS HAS A PRESSURE OF 2 ATM, A VOLUME OF 5 L, AND A TEMPERATURE OF 300 K, AND YOU WANT TO FIND THE
NEW VOLUME WHEN THE PRESSURE IS CHANGED TO 1 ATM AND THE TEMPERATURE TO 400 K, YOU WOULD USE THE COMBINED
GAS LAW TO SOLVE FOR THE NEW VOLUME.

\WHAT COMMON MISTAKES SHOULD BE AVOIDED WHEN USING THE COMBINED GAS LAW IN
ALEKS?

COMMON MISTAKES INCLUDE FORGETTING TO CONVERT UNITS (E.G., TEMPERATURE MUST BE IN KELVIN), NOT MAINTAINING
CONSISTENT UNITS FOR PRESSURE AND VOLUME, AND INCORRECTLY REARRANGING THE FORMULA, WHICH CAN LEAD TO WRONG
ANSWERS.

How poes ALEKS HELP IN UNDERSTANDING THE COMBINED GAS LAW?

ALEKS PROVIDES INTERACTIVE TUTORIALS AND PRACTICE PROBLEMS THAT GUIDE STUDENTS THROUGH THE APPLICATION OF
THE COMBINED GAS LAW , OFFERING IMMEDIATE FEEDBACK AND STEP-BY-STEP SOLUTIONS TO REINFORCE UNDERSTANDING.
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Master the combined gas law with ALEKS! Discover how to apply this essential concept in chemistry
for accurate calculations. Learn more today!
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