THe ExoTHerMIC REACTION 2N02(G) §LT:=F6T; N204(G),
|s SPONTANEOUS...

THe ExoTHErMIC REACTION 2NO,(6) <=> N,0,(G), Is SPONTANEOUS...

\UNDERSTANDING THE SPONTANEITY OF CHEMICAL REACTIONS IS FUNDAMENTAL TO THE STUDY OF CHEMISTRY, ESPECIALLY WHEN
DEALING WITH DYNAMIC EQUILIBRIA SUCH AS THE EXOTHERMIC REACTION BETWEEN NITROGEN DIOXIDE (NO,) AND DINITROGEN
TeTROXIDE (N,O,4). THE REACTION:

\[ 2NO_2(c) \LerTriGHTARROW N_20_4(c) \]

IS A CLASSIC EXAMPLE OF AN EQUILIBRIUM PROCESS THAT EXHIBITS INTERESTING THERMODYNAMIC BEHAVIOR DUE TO ITS
EXOTHERMIC NATURE. THIS ARTICLE EXPLORES WHETHER THIS REACTION IS SPONTANEOUS, THE FACTORS INFLUENCING ITS
EQUILIBRIUM POSITION, AND THE THERMODYNAMIC PRINCIPLES UNDERLYING ITS BEHAVIOR.

WHAT Is AN EXOTHERMIC REACTION?

BEFORE DELVING INTO THE SPECIFICS OF THE NOZ/N204 EQUILIBRIUM, IT IS ESSENTIAL TO UNDERSTAND WHAT CONSTITUTES AN
EXOTHERMIC REACTION.

DerFINITION OF EXOTHERMIC REACTIONS

- AN EXOTHERMIC REACTION RELEASES HEAT ENERGY TO ITS SURROUNDINGS.
- THe eNnTHALPY cHANGE (\(ADeLTA H\)) For sucH reacTions Is NEGATIVE (\(\DeLTA H < O\)).
- COMMON EXAMPLES INCLUDE COMBUSTION REACTIONS, CONDENSATION, AND MANY OXIDATION PROCESSES.

SIGNIFICANCE IN CHEMICAL EQUILIBRIA

- EXOTHERMIC REACTIONS TEND TO FAVOR THE FORMATION OF PRODUCTS AT LOWER TEMPERATURES.
- THEY ARE SENSITIVE TO TEMPERATURE CHANGES, WHICH CAN SHIFT THE EQUILIBRIUM POSITION ACCORDING TO Le CH TELIER'S
PRINCIPLE.

THe NO,/N,O, EQuILIBRIUM: AN OVERVIEW

THE REACTION BETWEEN NITROGEN DIOXIDE AND DINITROGEN TETROXIDE IS A WELL-STUDIED EXAMPLE OF A REVERSIBLE,
TEMPERATURE-DEPENDENT EQUILIBRIUM.

ReAcTION DESCRIPTION
\[ 2NO_2(G) \LerTrIGHTARROW N_20_4(c) \]
- NO, IS A BROWNISH GAS WITH A CHARACTERISTIC COLOR.

- N,O,4 IS A COLORLESS GAS.
- THE FORWARD REACTION (FORMATION OF N,O,) IS EXOTHERMIC, RELEASING HEAT.



THERMODYNAMICS OF THE REACTION

- THe REACTION’S ENTHALPY CHANGE (\(\DELTA H™\CIRC\)) IS NEGATIVE, INDICATING THAT IT IS EXOTHERMIC.
- Tre eQuiLBRIUM CONSTANT (\(K_{EQ}\)) VARIES WITH TEMPERATURE, INFLUENCING THE RATIO OF NO, To N,O,.

Is THE REACTION SPONTANEOUS? ANALYZING T HERMODYNAMIC PARAMETERS

DETERMINING WHETHER THE NO,/N,O, EQUILIBRIUM IS SPONTANEOUS INVOLVES ANALYZING THERMODYNAMIC
PARAMETERS—PRIMARILY Giggs FRee ENERGY (\(\DeLTA G\)), exnTHALPY (\(\DeLTa H\)), anp entropy (\(\DeLTA S\)).

GieBs FREe ENERGY AND SPONTANEITY

- THe ReacTIoN IS sPoNTANEOUS IF \(\DELTA G < O\).
-\(\DeLta G\) 1s retaTeD TOo \(\DELTA H\) AnD \(ADELTA S\) VIA THE EQUATION:

\[ \DeLta G = \DeLta H - T \DeLta S \]

- For THE NOQ/N204 SYSTEM, TEMPERATURE PLAYS A CRUCIAL ROLE IN DETERMINING SPONTANEITY.

TeMPERATURE DEPENDENCE OF THE EQUILIBRIUM

- SINCE THE REACTION IS EXOTHERMIC, INCREASING TEMPERATURE GENERALLY SHIFTS EQUILIBRIUM TOWARD REACTANTS (N02>
- CONVERSELY/ LOWERING TEMPERATURE FAVORS THE FORMATION OF N2O4/ MAKING THE REACTION MORE SPONTANEOUS IN
THAT DIRECTION.

THERMODYNAMIC PRINCIPLES GOVERNING THE REACTION

UNDERSTANDING THE THERMODYNAMICS OF THE SYSTEM HELPS CLARIFY WHY THE EQUILIBRIUM SHIFTS WITH TEMPERATURE AND
WHETHER THE REACTION IS SPONTANEOUS UNDER CERTAIN CONDITIONS.

Le CHP] TELIER'S PRINCIPLE

- A PRINCIPLE STATING THAT A SYSTEM AT EQUILIBRIUM WILL ADJUST TO COUNTERACT ANY IMPOSED CHANGE.

- For EXOTHERMIC REACTIONS, INCREASING TEMPERATURE SHIFTS EQUILIBRIUM TOWARD REACTANTS TO ABSORB EXCESS HEAT.
- DECREASING TEMPERATURE PUSHES EQUILIBRIUM TOW ARD N2O4 FORMATION, FAVORING SPONTANEITY AT LOWER
TEMPERATURES.

ReLATIONSHIP BETWEEN EQUILIBRIUM CONSTANT AND TEMPERATURE

- THe VAN ‘T Horr EQUATION DESCRIBES HOW \(K_{EQ}\) VARIES WITH TEMPERATURE:
\[\nK_{eQ} = -\rrAC{\DeLTA HM\circHR TS + \rrac{\DeLTA S™\circ}{R]} \]

- As \(\DeLTA H™\crc\) 1s NeGaTIVE, \(K_{EQ}\) INCREASES AT LOWER TEMPERATURES, FAVORING NyO, FORMATION.

PRACTICAL IMPLICATIONS AND APPLICATIONS

THE TEMPERATURE-DEPENDENT NATURE OF THE NO2/NZO4 EQUILIBRIUM HAS PRACTICAL APPLICATIONS IN VARIOUS FIELDS.



INDUSTRIAL AND LABORATORY USES

- CONTROLLED PRODUCTION OF NQO4 BY COOLING NITROGEN DIOXIDE GASES.
- USE IN ROCKET PROPELLANTS AND OXIDATION PROCESSES.

ENVIRONMENTAL SIGNIFICANCE

- UNDERSTANDING NITROGEN OXIDE EQUILIBRIA IS CRUCIAL IN ATMOSPHERIC CHEMISTRY AND POLLUTION CONTROL.
- N02 PLAYS A ROLE IN SMOG FORMATION, AND ITS CONVERSION TO N204 IMPACTS ATMOSPHERIC REACTIONS.

SUMMARY AND KEY T AKEAWAYS

- THE REACTION:
\[ 2NO_2(G) \LerTrIGHTARROW N_ 20 4(c) \]

IS AN EXOTHERMIC EQUILIBRIUM PROCESS WHERE THE FORW ARD REACTION RELEASES HEAT.

- |TS SPONTANEITY DEPENDS HEAVILY ON TEMPERATURE:

- AT LOWER TEMPERATURES, THE FORMATION OF N2O4 IS SPONTANEOUS AND FAVORED.

- AT HIGHER TEMPERATURES, THE REACTION FAVORS NOZ/ WHICH IS LESS SPONTANEOUS IN THAT DIRECTION.

- THERMODYNAMIC PRINCIPLES, NOTABLY GIBBS FREE ENERGY AND THE VAN ‘T HOFF EQUATION, EXPLAIN HOW TEMPERATURE
INFLUENCES THE EQUILIBRIUM POSITION.

- THE REACTION EXEMPLIFIES FUNDAMENTAL CONCEPTS IN CHEMICAL THERMODYNAMICS AND EQUILIBRIUM BEHAVIOR, ESPECIALLY
FOR EXOTHERMIC REACTIONS.

CoNCLUSION

THE EXOTHERMIC REACTION BETWEEN NO2 AND N204 IS A CLASSIC ILLUSTRATION OF HOW THERMODYNAMICS GOVERNS
CHEMICAL EQUILIBRIA. |TS SPONTANEITY IS INTRINSICALLY LINKED TO TEMPERATURE—BEING SPONTANEOUS TOW ARD N204
FORMATION AT LOWER TEMPERATURES AND SHIFTING TOW ARD N02 AT HIGHER TEMPERATURES. THIS BEHAVIOR UNDERSCORES
THE IMPORTANCE OF THERMODYNAMIC PARAMETERS IN PREDICTING AND CONTROLLING CHEMICAL REACTIONS, WHETHER IN
INDUSTRIAL APPLICATIONS, ENVIRONMENTAL CHEMISTRY, OR LABORATORY SETTINGS.

UNDERSTANDING THESE PRINCIPLES ALLOWS CHEMISTS AND ENGINEERS TO MANIPULATE REACTION CONDITIONS EFFECTIVELY,
OPTIMIZE YIELDS, AND PREDICT REACTION BEHAVIOR UNDER VARYING ENVIRONMENTAL CIRCUMSTANCES. As SUCH, THE
NOQ/N204 EQUILIBRIUM REMAINS AN ESSENTIAL EXAMPLE IN THE STUDY OF EXOTHERMIC REACTIONS AND CHEMICAL
THERMODYNAMICS.

FREQUENTLY ASKeED QUESTIONS

Is THE REACTION 2NO,(G) Bl N,O,(G) SPONTANEOUS AT ROOM TEMPERATURE?

THE SPONTANEITY DEPENDS ON THE TEMPERATURE AND THE GIBBS FREE ENERGY CHANGE; TYPICALLY, AT LOWER TEMPERATURES,
THE FORMATION OF NQO4 IS FAVORED AND THE REACTION IS SPONTANEOUS IN THE FORW ARD DIRECTION.

How DOES TEMPERATURE AFFECT THE EQUILIBRIUM OF 2NOL(G) ] N,O,(G)?

INCREASING TEMPERATURE SHIFTS THE EQUILIBRIUM TOWARD THE ENDOTHERMIC SIDE; SINCE THE FORMATION OF N204 IS
EXOTHERMIC, HIGHER TEMPERATURES FAVOR NO2, MAKING THE REACTION LESS SPONTANEOUS IN THE FORW ARD DIRECTION.



\W/HAT IS THE ROLE OF ENTHALPY AND ENTROPY IN DETERMINING WHETHER THE REACTION
IS SPONTANEOUS?

THE REACTION IS SPONTANEOUS WHEN THE GIBBS FREE ENERGY CHANGE (AG) IS NEGATIVE, WHICH DEPENDS ON THE BALANCE
BETWEEN THE EXOTHERMIC ENTHALPY CHANGE (AH) AND THE ENTROPY CHANGE (AS); AT LOWER TEMPERATURES, AG MAY BE
NEGATIVE, FAVORING SPONTANEITY.

CAN THE REACTION 2NO, [l N,O, BE CONSIDERED EQUILIBRIUM-CONTROLLED, AND HOW
DOES THIS RELATE TO SPONTANEITY?

YES, IT'S A REVERSIBLE EQUILIBRIUM REACTION;, SPONTANEITY REFERS TO THE THERMODYNAMIC TENDENCY FOR THE REACTION TO
PROCEED IN A PARTICULAR DIRECTION, BUT AT EQUILIBRIUM, BOTH FORWARD AND REVERSE REACTIONS OCCUR AT EQUAL RATES
REGARDLESS OF SPONTANEITY.

\WHAT EXPERIMENT AL EVIDENCE INDICATES WHETHER THE FORMATION OF N,O, FROM
NO, IS SPONTANEOUS?

COLOR CHANGE AND PRESSURE MEASUREMENTS CAN INDICATE THE SHIFT IN EQUILIBRIUM; THE FORMATION OF N2O4 (COLORLESS)
FROM N02 (BRO\X/N) AT LOWER TEMPERATURES SUGGESTS SPONTANEITY UNDER THOSE CONDITIONS.

How Does LE CHP| TELIER'S PRINCIPLE EXPLAIN THE SHIFT IN EQUILIBRIUM FOR 2NO, [Fl
N,O, UNDER TEMPERATURE CHANGES?

ACCORDING TO LE CH TELIER'S PRINCIPLE, INCREASING TEMPERATURE FAVORS THE ENDOTHERMIC DIRECTION (BREAKING N2O4
INTO NOQ), WHILE DECREASING TEMPERATURE FAVORS NQO4 FORMATION, AFFECTING SPONTANEITY BASED ON TEMPERATURE
ADJUSTMENTS.

ADDITIONAL RESOURCES

THe ExoTHerMIC REACTION: 2NOL(6) ] N,O,(G) — Is IT SPONTANEOUS?

UNDERSTANDING THE SPONTANEITY OF CHEMICAL REACTIONS IS FUNDAMENTAL IN CHEMISTRY, ESPECIALLY FOR REACTIONS
INVOLVING GASES AND TEMPERATURE-DEPENDENT EQUILIBRIA. AMONG SUCH REACTIONS, THE DYNAMIC EQUILIBRIUM BET\WEEN
NITROGEN DIOXIDE (NOQ) AND DINITROGEN TETROXIDE (N204) PRESENTS A COMPELLING CASE STUDY. THIS REACTION NOT ONLY
EXEMPLIFIES THE PRINCIPLES OF EXOTHERMICITY AND THERMODYNAMICS BUT ALSO ILLUSTRATES HOW TEMPERATURE INFLUENCES
EQUILIBRIUM POSITION AND SPONTANEITY.

IN THIS COMPREHENSIVE REVIEW, WE WILL DELVE INTO THE THERMODYNAMIC PRINCIPLES GOVERNING THE REACTION, ANALYZE THE
FACTORS INFLUENCING SPONTANEITY, AND INTERPRET EXPERIMENTAL OBSERVATIONS. OUR GOAL IS TO PROVIDE A DETAILED,

CLEAR, AND ORGANIZED UNDERSTANDING OF WHETHER THE REACTION 2NO,(G) N,O,(G) IS SPONTANEOUS UNDER VARIOUS
CONDITIONS, ESPECIALLY FOCUSING ON ITS EXOTHERMIC NATURE.

UNDERSTANDING THE REACTION: 2NO,(G) f] N,O,(c)

ReAcCTION DESCRIPTION AND SIGNIFICANCE

THE REACTION INVOLVES NITROGEN DIOXIDE (NO,), A REDDISH-BROWN GAS, CONVERTING TO DINITROGEN TETROXIDE (N,O,),
A COLORLESS GAS. THE REACTION IS REVERSIBLE AND REACHES A STATE OF DYNAMIC EQUILIBRIUM UNDER CERTAIN CONDITIONS.



- ForwArD ReacTion: 2NO,(G) Bl N,O,(c)
- Reverse ReacTion: N,O,(6) 2NO,(c)

THIS EQUILIBRIUM HAS PRACTICAL IMPORTANCE IN INDUSTRIES SUCH AS THE PRODUCTION OF NITROGEN OXIDES, AS WELL AS IN
ATMOSPHERIC CHEMISTRY WHERE N02 PLAYS A ROLE IN SMOG FORMATION.

THERMODYNAMIC FOUNDATIONS: ENTHALPY, ENTROPY, AND FREE ENERGY

TO EVALUATE THE SPONTANEITY OF THE REACTION, WE NEED TO ANALYZE THE THERMODYNAMIC PARAMETERS—ENTHALPY
(AH), enTropY (AS), AnD Giggs FREE ENERGY (AG).

ENTHALPY CHANGE (AH)

- THE REACTION IS EXOTHERMIC, MEANING IT RELEASES HEAT.

- EXPERIMENTAL DATA INDICATE THAT THE FORMATION OF N,O, FROM NO,, IS EXOTHERMIC, WITH AH < O.

- THE RELEASE OF HEAT SUGGESTS THAT AT LOWER TEMPERATURES, THE FORMATION OF N,O, IS THERMODYNAMICALLY
FAVORED.

EnTROPY CHANGE (AS)

- THE ENTROPY CHANGE DEPENDS ON THE CHANGE IN THE NUMBER OF GAS MOLECULES:

- REACTANTS: 2 MoLECULES oF NO,

- ProbucTs: 1 MoLECULE ofF N,O,

- SINCE THE NUMBER OF GAS MOLECULES DECREASES FROM 2 TO 1, THE ENTROPY DECREASES (AS < 0).
- THIS DECREASE INDICATES THAT THE SYSTEM BECOMES MORE ORDERED WHEN N,O, FORMS.

Giees Free ENerGY (AG)

THE KEY TO SPONTANEITY IS AG, GIVEN BY:

\[
\DeLTA G =\DeLtaH- T \DeLtA S

\]

- WHEN AG < O, THE REACTION IS SPONTANEOUS.
- WHEN AG > O, THE REACTION IS NON-SPONTANEOUS.
- WHEN AG = 0, THE SYSTEM IS AT EQUILIBRIUM.

GIVEN THE THERMODYNAMIC PARAMETERS:

- AH < O (EXOTHERMIC)
- AS < O (DECREASE IN ENTROPY)

THE siGN oF AG DEPENDS ON TEMPERATURE:
- AT LOW TEMPERATURES, THE NEGATIVE AH DOMINATES, MAKING AG NEGATIVE, FAVORING N,O, FORMATION.

- AT HIGH TEMPERATURES, THE TAS TERM BECOMES SIGNIFICANT, POTENTIALLY MAKING AG POSITIVE, FAVORING
DECOMPOSITION BACK TO NO,,.



TeMPERATURE DePENDENCE AND EQuILIBRIUM ConsTANT (K)

Le CHP] TELIER’s PRINCIPLE

THE EQUILIBRIUM POSITION SHIFTS WITH TEMPERATURE:

- LOWER TEMPERATURES: FAVOR FORMATION OF N,O, (EXOTHERMIC REACTION SHIFTS RIGHT ).
- HIGHER TEMPERATURES: FAVOR NO, (REACTION SHIFTS LEFT).

ExPRESSION OF THE EQUILIBRIUM CONSTANT

THe EQUILIBRIUM CONSTANT, \(K\), RELATES TO THE ACTIVITIES (OR PARTIAL PRESSURES) OF GASES:

\[

K=\rRAc{P_{N_20_ 43} (P_{NO _2}1)"23}

\]

THe VAN'T Horr EQUATION ReLATES \(K\) To TEMPERATURE:

\[

\LN K = -\rrac{\DeLTAa HM\circH{RT} + \rrac{\DeLTA S™\circHR}
\]

WHERE:

-\(R\) IS THE GAS CONSTANT.
-\(T\) Is THE TEMPERATURE IN KELVIN.

IMPLICATIONS:

- As TEMPERATURE DECREASES, \(K\) INCREASES, INDICATING MORE NyO, FORMATION.
- As TEMPERATURE INCREASES, \(K\) DECREASES, FAVORING NO,,.

SPONTANEITY ANALYSIS: IS THE REACTION SPONTANEOUS?

BASED ON THERMODYNAMIC PRINCIPLES, THE SPONTANEITY OF THE REACTION IS TEMPERATURE-DEPENDENT.

AT Low TEMPERATURES

- AH < 0 (EXOTHERMIC)

-AS<O0

- \(\DeLTa G = \DeLTa H - T \DeLTA S\) BECOMES MORE NEGATIVE AS T DECREASES.

- CoNcLUSION: THE FORMATION of N,O, IS SPONTANEOUS AT SUFFICIENTLY LOW TEMPERATURES BECAUSE AG < 0.



AT HIGH TEMPERATURES

- THE TAS TERM BECOMES LARGE ENOUGH TO OVERRIDE AH.
- SINCE AS 1S NEGATIVE, INCREASING T MAKES \(\DELTA G\) MORE POSITIVE.
- CONCLUSION: THE REVERSE REACTION, DECOMPOSITION TO NO,, BECOMES SPONTANEOUS AT HIGHER TEMPERATURES.

EQUILIBRIUM AND SPONTANEITY

- THE REACTION REACHES EQUILIBRIUM WHEN AG = 0.

- THe EQUILIBRIUM CONSTANT \(K\) INDICATES THE EXTENT OF REACTION.

- THE REACTION IS SPONTANEOUS IN THE FORWARD DIRECTION AT LOW TEMPERATURES BUT SPONTANEOUS IN THE REVERSE
DIRECTION AT HIGH TEMPERATURES.

EXPERIMENTAL EVIDENCE AND OBSERVATIONS

CoLor CHANGES AND GAS BEHAVIOR

- NO, IS REDDISH-BROWN, WHILE N,O, IS COLORLESS.

- WHEN COOLED, THE REDDISH-BROWN NO, GAS CONVERTS TO COLORLESS N,O,, INDICATING THE FORWARD REACTION IS
FAVORED.

- W/HEN HEATED, THE COLOR DEEPENS AGAIN, AS N,O, DISSOCIATES BACK INTO NO,,.

PRESSURE AND TEMPERATURE EFFECTS

- INCREASING PRESSURE FAVORS THE SIDE WITH FEWER MOLES OF GAS, LE., N,O,.
- DECREASING TEMPERATURE SHIFTS EQUILIBRIUM TOWARD N,O, FORMATION.
- CONVERSELY, HEATING FAVORS NO.,,.

THERMODYNAMIC DATA

| PARAMETER | APPROXIMATE V ALUE | SIGNIFICANCE |

| AH® | =57 kJ/MoL | EXOTHERMIC NATURE |
| AS® | =175 J/(MoL'K) | DECREASE IN ENTROPY |
| AG® AT 298 K | CALCULATED USING THERMODYNAMIC DATA | SHOWS SPONTANEOUS FORMATION AT LOW T |

PRACTICAL IMPLICATIONS AND APPLICATIONS

- INDUSTRIAL ProbUCTION: CONTROL OF TEMPERATURE AND PRESSURE ALLOWS REGULATION OF NO,/N,O, RATIOS.
- ATMOSPHERIC CHEMISTRY: NO, PLAYS A ROLE IN POLLUTANT FORMATION; UNDERSTANDING ITS EQUILIBRIUM WITH N,O,
HELPS MODEL ATMOSPHERIC PROCESSES.



- CHEMICAL STORAGE: NQO4 IS MORE STABLE AT LOWER TEMPERATURES, MAKING IT SUITABLE FOR STORAGE.

SUMMARY AND FINAL THOUGHTS

THE REACTION 2N02(G) N204(G) EXEMPLIFIES A CLASSIC THERMODYNAMIC SYSTEM WHERE EXOTHERMICITY AND ENTROPY
CHANGES DICTATE THE SPONTANEITY DEPENDING ON THE TEMPERATURE:

- AT LOW TEMPERATURES: THE FORMATION OF NQO4 IS SPONTANEQOUS DUE TO THE EXOTHERMIC NATURE AND DECREASING
ENTROPY.

- AT HIGH TEMPERATURES: THE REVERSE PROCESS BECOMES SPONTANEOUS BECAUSE THE TAS TERM OUTWEIGHS THE ENTHALPY
CHANGE.

IN ESSENCE, THE REACTION IS SPONTANEOUS IN THE FORWARD DIRECTION AT LOW TEMPERATURES AND SPONTANEOUS IN THE
REVERSE DIRECTION AT HIGH TEMPERATURES. THIS TEMPERATURE-DEPENDENT BEHAVIOR UNDERSCORES THE IMPORTANCE OF
THERMODYNAMICS IN UNDERSTANDING CHEMICAL EQUILIBRIA.

FINAL REMARKS

(UNDERSTANDING WHETHER A REACTION IS SPONTANEOUS REQUIRES A NUANCED ANALYSIS OF THERMODYNAMIC PARAMETERS. T HE
NITROGEN DIOXIDE/DINITROGEN TETROXIDE SYSTEM PROVIDES A TEXTBOOK EXAMPLE OF HOW EXOTHERMIC REACTIONS WITH
DECREASING ENTROPY ARE INFLUENCED BY TEMPERATURE. RECOGNIZING THESE PRINCIPLES ENABLES CHEMISTS TO MANIPULATE
REACTION CONDITIONS EFFECTIVELY FOR DESIRED OUTCOMES, WHETHER IN INDUSTRIAL SYNTHESIS, ATMOSPHERIC MODELING, OR
STORAGE.

THIS DETAILED EXPLORATION UNDERSCORES THE INTERCONNECTEDNESS OF ENTHALPY, ENTROPY, AND TEMPERATURE IN DICTATING
THE SPONTANEITY OF CHEMICAL REACTIONS, REAFFIRMING THE CENTRAL ROLE OF GIBBS FREE ENERGY IN THERMODYNAMICS.
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