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UNDERSTANDING THE BEHAVIOR OF GASES IS FUNDAMENTAL IN CHEMISTRY, PHYSICS, AND MANY ENGINEERING DISCIPLINES. THE
COMBINED GAS LAW IS A VITAL TOOL THAT HELPS SCIENTISTS AND STUDENTS PREDICT HOW A GAS'S PRESSURE, VOLUME, AND
TEMPERATURE ARE RELATED UNDER DIFFERENT CONDITIONS. HO\X/EVER, TO EFFECTIVELY APPLY THE COMBINED GAS LAW, IT's
CRUCIAL TO RECOGNIZE WHICH VARIABLES MUST REMAIN CONSTANT DURING THE PROCESS. THIS ARTICLE EXPLORES THE CORE
CONCEPTS BEHIND THE COMBINED GAS LAW , EMPHASIZING THE IMPORTANCE OF HOLDING CERTAIN VARIABLES
CONSTANT—SPECIFICALLY FOCUSING ON WHETHER THE MASS OF THE GAS SAMPLE OR THE NUMBER OF MOLES MUST BE KEPT
CONSTANT.

INTRODUCTION TO THE GAS LAWS

THE STUDY OF GASES INVOLVES UNDERSTANDING HOW THEY RESPOND TO CHANGES IN PRESSURE, VOLUME, AND TEMPERATURE.
SEVERAL FUNDAMENTAL GAS LAWS DESCRIBE THESE RELATIONSHIPS:

- BoYLE's LAW: AT CONSTANT TEMPERATURE AND AMOUNT OF GAS, PRESSURE AND VOLUME ARE INVERSELY PROPORTIONAL.
- CHARLES'S LAW: AT CONSTANT PRESSURE AND AMOUNT OF GAS, VOLUME AND TEMPERATURE ARE DIRECTLY PROPORTIONAL.
- GAY-LUssAC’'s LAW: AT CONSTANT VOLUME AND AMOUNT OF GAS, PRESSURE AND TEMPERATURE ARE DIRECTLY

PROPORTIONAL.

THESE LAWS ARE SPECIAL CASES OF THE MORE COMPREHENSIVE COMBINED GAS LAWY, WHICH CONSOLIDATES THEIR PRINCIPLES
INTO A SINGLE EQUATION.

THe CoMBINED GAS LAW EXPLAINED

THE COMBINED GAS LAW RELATES PRESSURE, VOLUME, AND TEMPERATURE FOR A FIXED AMOUNT OF GAS. |T IS EXPRESSED AS:

\[

\rrAC{P_1V_T1HT 1} =\rrac{P_2V_2XT 2}

\]

\¥/HERE:

-\(P_1,V_1, T_1\): INITIAL PRESSURE, VOLUME, AND TEMPERATURE.
-\(P_2,V_2,T_2\): FINAL PRESSURE, VOLUME, AND TEMPERATURE.

THIS FORMULA ALLOWS US TO CALCULATE THE CHANGE IN ONE VARIABLE WHEN THE OTHERS CHANGE, PROVIDED CERTAIN
CONDITIONS ARE MET.



WHAT VARIABLES MusT Be HELD CONSTANT?

IN APPLYING THE COMBINED GAS LA, UNDERSTANDING WHICH VARIABLES ARE HELD CONSTANT IS ESSENTIAL FOR ACCURATE
CALCULATIONS. THE KEY QUESTION IS: WHAT VARIABLE MUST BE CONSTANT TO ENSURE THE LAW APPLIES CORRECTLY?

THE ANSWER HINGES ON THE CONDITIONS OF THE GAS SAMPLE DURING THE PROCESS. THE TWO MAIN VARIABLES IN QUESTION
ARE:

- A. MAss oF GAS SAMPLE
- B. NumBer oF MoLES

LET'S ANALYZE EACH TO UNDERSTAND THEIR ROLE.

OpPTION A: MASs oF GAS SAMPLE

MASS oF GAS SAMPLE REFERS TO THE TOTAL WEIGHT OF THE GAS BEING CONSIDERED. |T RELATES TO THE QUANTITY OF GAS IN
TERMS OF GRAMS. WHEN THE MASS REMAINS UNCHANGED, IT MEANS NO GAS IS ADDED OR REMOVED DURING THE PROCESS.

IMPLICATIONS:

- |F THE MASS OF GAS REMAINS CONSTANT, THEN THE NUMBER OF MOLES (\X/HICH IS DIRECTLY RELATED TO MASS) ALSO REMAINS
CONSTANT, ASSUMING THE GAS'S MOLAR MASS IS UNCHANGED.

- HOLDING MASS CONSTANT IS OFTEN A PRACTICAL APPROACH IN LABORATORY SETTINGS, WHERE GASES ARE CONTAINED
WITHIN A SEALED VESSEL THAT DOES NOT EXCHANGE GAS WITH THE SURROUNDINGS.

DOES THE COMBINED GAS LAW REQUIRE THE MASS TO BE CONSTANT?

- NOT NECESSARILY. THE LAW FUNDAMENTALLY DEPENDS ON THE NUMBER OF MOLES, WHICH IS A MEASURE OF THE AMOUNT OF
GAS, NOT JUST MASS.

- BECAUSE DIFFERENT GASES HAVE DIFFERENT MOLAR MASSES, THE SAME MASS OF DIFFERENT GASES CORRESPONDS TO DIFFERENT
NUMBERS OF MOLES.

- THEREFORE, UNLESS EXPLICITLY SPECIFIED, THE COMBINED GAS LAW PRESUMES THE AMOUNT OF GAS (IN MOLES) REMAINS
UNCHANGED, WHICH IS DIRECTLY RELATED TO THE MASS BUT NOT NECESSARILY IDENTICAL, ESPECIALLY IF THE GAS'S MOLAR
MASS IS KNOWN.

OpPTION B: NUMBER OF MOLES

NUMBER OF MOLES (N) SIGNIFIES THE AMOUNT OF GAS IN TERMS OF MOLECULES OR PARTICLES, CALCULATED AS:

\l

N = \rrAac{\TExT{MAsS}}{\TEXT{MOLAR MASS}}

WHY IS THIS IMPORTANT?
- THE COMBINED GAS LAW ASSUMES A FIXED QUANTITY OF GAS, REPRESENTED BY A CONSTANT NUMBER OF MOLES.
- W/HEN THE NUMBER OF MOLES REMAINS CONSTANT, IT ENSURES THAT THE AMOUNT OF GAS DOES NOT CHANGE DURING THE

PROCESS, MAKING THE LA APPLICABLE DIRECTLY.

IN PRACTICE:



- |IF GAS IS ADDED OR REMOVED FROM THE SYSTEM, THE NUMBER OF MOLES CHANGES, VIOLATING THE ASSUMPTIONS OF THE
COMBINED GAS LAW.
- FOR ACCURATE CALCULATIONS, THE SYSTEM MUST BE CLOSED TO GAS EXCHANGE, KEEPING THE NUMBER OF MOLES CONSTANT.

CONCLUSION:

THE NUMBER OF MOLES IS THE VARIABLE THAT MUST BE HELD CONSTANT TO VALIDLY APPLY THE COMBINED GAS LAW. SINCE
THE LAW RELATES TO THE BEHAVIOR OF A FIXED AMOUNT OF GAS, ENSURING THE NUMBER OF MOLES REMAINS UNCHANGED IS
CRITICAL.

WHY |s HoLbING THE NUMBER oF MoLEs CRUCIAL?

HOLDING THE NUMBER OF MOLES CONSTANT ENSURES THE LAW'S ACCURACY BECAUSE:

- |T ISOLATES THE EFFECTS OF PRESSURE, VOLUME, AND TEMPERATURE ON A FIXED AMOUNT OF GAS.

- |T PREVENTS CONFOUNDING VARIABLES WHERE CHANGES IN THE AMOUNT OF GAS COULD INFLUENCE THE OBSERVED
RELATIONSHIPS.

- |T SIMPLIFIES CALCULATIONS AND PREDICTIONS, AS THE LAW DOES NOT ACCOUNT FOR CHANGES IN THE QUANTITY OF GAS.

PrACTICAL CONSIDERATIONS IN EXPERIMENTS

IN REAL-WORLD APPLICATIONS AND LABORATORY EXPERIMENTS, MAINTAINING A CONSTANT NUMBER OF MOLES INVOLVES!

- USING SEALED CONTAINERS OR CLOSED SYSTEMS TO PREVENT GAS EXCHANGE.
- AVOIDING LEAKS OR GAS ADDITION/REMOVAL DURING EXPERIMENTS.
- ENSURING TEMPERATURE AND PRESSURE CHANGES ARE WITHIN CONTROLLED PARAMETERS.

BY CONTROLLING THESE FACTORS, SCIENTISTS CAN CONFIDENTLY APPLY THE COMBINED GAS LAW TO ANALYZE AND PREDICT
GAS BEHAVIOR.

SUMMARY AND KEY T AKEAWAYS

| VariABLE | MusT Be HeLo ConsTANT To Use THe CoMBINED GAS LAw | EXPLANATION

| MASs oF GAS SAMPLE | No | WHILE RELATED TO THE AMOUNT OF GAS, CHANGING MASS DOES NOT NECESSARILY IMPACT THE
LAW UNLESS IT CHANGES THE NUMBER OF MOLES. SINCE MASS DEPENDS ON MOLAR MASS, IT'S NOT THE PRIMARY VARIABLE.

| NuMBER OF MoLES | YES | THE COMBINED GAS LAW ASSUMES A FIXED AMOUNT OF GAS, REPRESENTED BY A CONSTANT NUMBER
OF MOLES, MAKING THIS VARIABLE ESSENTIAL TO HOLD CONSTANT.

IN ESSENCE:
- THE COMBINED GAS LAW APPLIES WHEN THE NUMBER OF MOLES OF GAS REMAINS UNCHANGED.

- MAINTAINING A CONSTANT MASS IS IMPORTANT BUT SECONDARY, AS LONG AS IT CORRELATES TO A FIXED NUMBER OF MOLES.
- FOR MOST ACCURATE APPLICATIONS, CONTROLLING THE NUMBER OF MOLES VIA SEALED SYSTEMS IS BEST PRACTICE.



FINAL THOUGHTS

(UNDERSTANDING WHICH VARIABLES TO CONTROL IS FUNDAMENTAL FOR APPLYING THE COMBINED GAS LAW CORRECTLY. THE
LAW’S VALIDITY HINGES ON KEEPING THE NUMBER OF MOLES CONSTANT BECAUSE IT DIRECTLY RELATES TO THE AMOUNT OF GAS
UNDER CONSIDERATION. CHANGES IN PRESSURE, VOLUME, AND TEMPERATURE ARE INTERDEPENDENT, BUT THESE RELATIONSHIPS ARE
ONLY VALID WHEN THE QUANTITY OF GAS REMAINS FIXED.

IN CONCLUSION, THE VARIABLE THAT MUST BE HELD CONSTANT TO USE THE COMBINED GAS LAW IS B. NUMBER OF MOLES.
ENSURING THIS CONDITION ALLOWS FOR ACCURATE PREDICTIONS AND CALCULATIONS OF GAS BEHAVIOR IN VARIOUS SCIENTIFIC
AND INDUSTRIAL APPLICATIONS.
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REMEMBER: PROPER EXPERIMENTAL SETUP AND UNDERSTANDING THE CORE ASSUMPTIONS BEHIND THE GAS LAWS ARE ESSENTIAL
FOR ACCURATE SCIENTIFIC \WORK.

FREQUENTLY ASkeD QUESTIONS

\WHAT VARIABLE MUST BE HELD CONSTANT WHEN USING THE COMBINED GAS LAW?

THE NUMBER OF MOLES OF GAS MUST BE HELD CONSTANT.

IN THE COMBINED GAS LAW , WHY IS THE NUMBER OF MOLES OF GAS KEPT CONSTANT?

BECAUSE CHANGING THE NUMBER OF MOLES WOULD ALTER THE AMOUNT OF GAS, AFFECTING THE RELATIONSHIP BET WEEN
PRESSURE, VOLUME, AND TEMPERATURE, WHICH THE LAW ASSUMES REMAINS FIXED.

DOES THE MASS OF THE GAS SAMPLE NEED TO BE CONSTANT TO APPLY THE COMBINED
GAS LAW?

YES, BECAUSE THE MASS DIRECTLY RELATES TO THE NUMBER OF MOLES; MAINTAINING THE SAME MASS ENSURES THE NUMBER OF
MOLES STAYS CONSTANT.

CAN THE COMBINED GAS LAW BE USED IF THE MASS OF THE GAS SAMPLE CHANGES?

NO, THE COMBINED GAS LAW ASSUMES THE NUMBER OF MOLES (OR MASS) REMAINS CONSTANT; IF IT CHANGES, THE LAW NO
LONGER APPLIES DIRECTLY.

How ARE MASS AND NUMBER OF MOLES RELATED IN THE CONTEXT OF THE COMBINED GAS
LAW?

MASS AND NUMBER OF MOLES ARE DIRECTLY PROPORTIONAL; KEEPING THE MASS CONSTANT ENSURES THE NUMBER OF MOLES
REMAINS UNCHANGED DURING CALCULATIONS.



ADDITIONAL RESOURCES

WHAT VARIABLE MUST BE HELD CoNSTANT To Use THE CoMBINED GAS Law? A. MAass Or Gas SamMpLE B. Numeer OF
MoLES

W/HEN DELVING INTO THE FASCINATING WORLD OF GASES AND THEIR BEHAVIOR UNDER VARYING CONDITIONS, THE COMBINED GAS
LAW STANDS OUT AS A FUNDAMENTAL PRINCIPLE THAT LINKS PRESSURE, VOLUME, AND TEMPERATURE. A COMMON QUESTION
AMONG STUDENTS AND PROFESSIONALS ALIKE IS: WHAT VARIABLE MUST BE HELD CONSTANT TO USE THE COMBINED GAS LAW?
THE ANSWER IS CRUCIAL FOR CORRECTLY APPLYING THE LAW AND ACCURATELY PREDICTING HOW GASES RESPOND TO CHANGES
IN THEIR ENVIRONMENT. IN THIS GUIDE, WE WILL EXPLORE THIS QUESTION IN DEPTH, EXAMINING THE ROLES OF THE MASS OF THE
GAS SAMPLE AND THE NUMBER OF MOLES, AND CLARIFYING WHICH VARIABLE MUST REMAIN UNCHANGED FOR THE LAW TO HOLD
TRUE.

UNDERSTANDING THE CoMBINED GAS LAW

BEFORE DIVING INTO THE SPECIFICS OF WHICH VARIABLE MUST BE HELD CONSTANT, IT’S ESSENTIAL TO UNDERSTAND WHAT THE
COMBINED GAS LAW ACTUALLY STATES. THE LAW IS A SYNTHESIS OF BOYLE’S LAW, CHARLES’S LAW, AND GAY-LUSSAC’S
LAW, AND IT DESCRIBES THE RELATIONSHIP BETWEEN PRESSURE (P), voLUME (V), AND TEMPERATURE (T) FOR A FIXED AMOUNT
OF GAS.

MATHEMATICALLY/ THE COMBINED GAS LAW IS EXPRESSED AS:

\[

\rRAC{P_1V_T1HT_1}=\rrac{P_2 V_2}T_2}

\]

WHERE:

-\(P_1,V_1,T_1\) ARE THE INITIAL PRESSURE, VOLUME, AND TEMPERATURE,

1
/
-\(P_2,V_2, T_2\) ARE THE FINAL PRESSURE, VOLUME, AND TEMPERATURE.
THIS LAW ASSUMES THAT THE AMOUNT OF GAS REMAINS CONSTANT DURING THE PROCESS. |T ALLOWS US TO PREDICT HOW

ONE PROPERTY OF A GAS WILL CHANGE WHEN THE OTHERS ARE VARIED, PROVIDED THAT CERTAIN VARIABLES ARE HELD
CONSTANT.

THe Core QUESTION: WHICH V ARIABLE MUST BE HELD CONSTANT?

THE CENTRAL POINT OF THIS DISCUSSION IS UNDERSTANDING THE CONSTRAINTS UNDER WHICH THE COMBINED GAS LAW APPLIES.
SPECIFICALLY, WHICH VARIABLE MUST BE HELD CONSTANT:

- A. MASS OF GAS SAMPLE
- B. NUMBER OF MOLES

THIS DISTINCTION IS FUNDAMENTAL BECAUSE IT INFLUENCES HOW WE INTERPRET AND APPLY THE LAW IN REAL-WORLD
SCENARIOS.

CLARIFYING THE V ARIABLES: MASS VvS. MOLES
A. Mass oF GAS SAMPLE

THE MASS OF A GAS SAMPLE REFERS TO THE TOTAL WEIGHT OF THE GAS, TYPICALLY MEASURED IN GRAMS OR KILOGRAMS. IF
THE MASS REMAINS CONSTANT, IT IMPLIES THAT NO GAS HAS BEEN ADDED OR REMOVED FROM THE SAMPLE DURING THE PROCESS.

B. NUMBER OF MOLES



THE NUMBER OF MOLES (N) REPRESENTS THE AMOUNT OF SUBSTANCE, A FUNDAMENTAL UNIT IN CHEMISTRY THAT RELATES
DIRECTLY TO THE NUMBER OF PARTICLES (ATOMS/ MOLECULES, OR IONS). THE MOLE CONCEPT PROVIDES A STANDARDIZED WAY
TO QUANTIFY THE AMOUNT OF GAS INDEPENDENT OF ITS MASS, ESPECIALLY CONSIDERING GASES’ MOLAR MASSES.

THE RELATIONSHIP BETWEEN MASS AND MOLES

(UNDERSTANDING THE DISTINCTION BETWEEN MASS AND MOLES IS CRUCIAL BECAUSE THEY ARE RELATED BUT NOT IDENTICAL:

\l

\TexT{Numeer of mMoLes} (N) = \Frrac{\TexT{Mass} (M)}{\TeExT{MoLAR MASS} (M)}

\]

- |F THE MOLAR MASS REMAINS CONSTANT (\X/HICH IT DOES FOR A PURE SUBSTANCE), THEN A CHANGE IN MASS DIRECTLY
AFFECTS THE NUMBER OF MOLES.

- CONVERSELY/ IF THE NUMBER OF MOLES REMAINS CONSTANT, THEN THE MASS REMAINS CONSTANT ONLY IF THE MOLAR MASS
DOES NOT CHANGE.

WHICH V ARIABLE MUST BE HELD CoONSTANT IN THE CoMBINED GAS LAw?

THE KEY TO CORRECTLY APPLYING THE COMBINED GAS LAW LIES IN UNDERSTANDING THAT IT INHERENTLY ASSUMES THE AMOUNT
OF GAS, EXPRESSED IN TERMS OF MOLES, REMAINS UNCHANGED DURING THE PROCESS.

THEREFORE, THE VARIABLE THAT MUST BE HELD CONSTANT IS:

> B. NUMBER OF MOLES

WHY MusT THE NUMBER OF MoLES Be HELD CONSTANT?

THE COMBINED GAS LAW IS DERIVED FROM THE IDEAL GAS LAW:

\l
PV = nRT

\]

WHERE:
-\(P\) = PRESSURE,

-\(V\) = voLumg,

- \(~'\) = NUMBER OF MOLES,
-\(R\) = IDEAL GAS CONSTANT,
-\( T \) = TEMPERATURE.

IN DERIVING THE COMBINED GAS LAW, THE ASSUMPTION IS THAT \( N \) REMAINS CONSTANT. WHEN \( N \) IS CONSTANT, THE
LAW SIMPLIFIES TO RELATE PRESSURE, VOLUME, AND TEMPERATURE ALONE, WITHOUT THE COMPLICATION OF CHANGING
AMOUNTS OF GAS.

IMPLICATIONS OF HOLDING \( N \) CONSTANT:
- THE LAW IS APPLICABLE DURING PROCESSES WHERE NO GAS IS ADDED OR REMOVED.

- THE GAS SAMPLE REMAINS CHEMICALLY UNCHANGED; ITS AMOUNT IN MOLES STAYS CONSTANT.
- THE LAW ACCURATELY PREDICTS HOW PRESSURE, VOLUME, AND TEMPERATURE CHANGE RELATIVE TO EACH OTHER.



WHY NoT JusT THE MAss oF GAs?

W/HILE KEEPING THE MASS OF GAS SAMPLE CONSTANT MIGHT SEEM SUFFICIENT, IN PRACTICE, IT’S NOT THE PRIMARY VARIABLE
FOR THE LAW’S VALIDITY. THIS IS BECAUSE:

- DIFFERENT GASES WITH THE SAME MASS CAN HAVE DIFFERENT MOLAR MASSES, LEADING TO DIFFERENT NUMBERS OF MOLES.
- THE BEHAVIOR DESCRIBED BY THE COMBINED GAS LAW DEPENDS ON THE NUMBER OF PARTICLES (MOLES), NOT JUST THE TOTAL
MASS.

IN OTHER WORDS:

- TWO SAMPLES OF GASES WITH THE SAME MASS BUT DIFFERENT MOLAR MASSES DO NOT BEHAVE IDENTICALLY UNDER THE SAME
CONDITIONS.

- FOR ACCURATE APPLICATION OF THE LAW, THE FOCUS MUST BE ON THE NUMBER OF MOLES (\X/HICH DIRECTLY RELATES TO
PARTICLE COUNT), NOT JUST MASS.

PRACTICAL EXAMPLES AND APPLICATIONS

ExAMPLE 1: A SEALED CONTAINER WITH A FIXED AMOUNT OF GAS IS HEATED FROM 20°C To 100°C. SINCE NO GAS ENTERS OR
LEAVES, THE NUMBER OF MOLES REMAINS CONSTANT. THE COMBINED GAS LAW CAN BE USED TO CALCULATE THE NEW PRESSURE
OR VOLUME, PROVIDED YOU KEEP THE MOLES CONSTANT.

EXAMPLE 2: IN A LABORATORY, A GAS SAMPLE IS TRANSFERRED FROM ONE VESSEL TO ANOTHER, OR A GAS IS COMPRESSED OR
EXPANDED, BUT NO GAS IS ADDED OR REMOVED. AGAIN, THE NUMBER OF MOLES REMAINS UNCHANGED, MAKING THE COMBINED GAS
LA APPLICABLE.

COUNTER-EXAMPLE: IF GAS IS PUMPED IN OR OUT OF THE SYSTEM, THE NUMBER OF MOLES CHANGES, AND THE COMBINED GAS
LAY NO LONGER APPLIES UNLESS ADJUSTMENTS ARE MADE TO ACCOUNT FOR THIS CHANGE.

SUMMARY oF KeY PoINTS

- THE COMBINED GAS LAW ASSUMES A FIXED AMOUNT OF GAS—MEANING THE NUMBER OF MOLES REMAINS CONSTANT.

- HOLDING THE NUMBER OF MOLES CONSTANT ENSURES THAT THE PREDICTIONS AND CALCULATIONS BASED ON THE LAW ARE
VALID.

- MASS OF THE GAS SAMPLE IS NOT THE PRIMARY VARIABLE, INSTEAD, THE NUMBER OF MOLES (\X/HICH RELATES DIRECTLY TO THE
PARTICLES PRESENT) IS CRUCIAL FOR THE LAW'S APPLICATION.

- |F THE AMOUNT OF GAS CHANGES, THE IDEAL GAS LAW MUST BE MODIFIED OR EXPANDED TO ACCOUNT FOR THIS VARIATION.

FINAL THOUGHTS

UNDERSTANDING WHICH VARIABLE MUST BE HELD CONSTANT WHEN APPLYING THE COMBINED GAS LAW IS FUNDAMENTAL FOR
ACCURATE SCIENTIFIC ANALYSIS. WHILE THE MASS OF THE GAS SAMPLE MIGHT SEEM LIKE AN OBVIOUS CANDIDATE, IT IS THE
NUMBER OF MOLES THAT FUNDAMENTALLY GOVERNS THE BEHAVIOR OF GASES IN THIS CONTEXT. RECOGNIZING THIS DISTINCTION
ALLOWS CHEMISTS, PHYSICISTS, AND STUDENTS TO CORRECTLY APPLY THE LAW AND INTERPRET EXPERIMENTAL RESULTS WITH
CONFIDENCE.

IN CONCLUSION:

THE VARIABLE THAT MUST BE HELD CONSTANT TO USE THE COMBINED GAS LAW IS B. NUMBER OF MOLES.
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