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INTRODUCTION TO ENTHALPY CHANGES IN DISSOLUTION PROCESSES

(UNDERSTANDING THE ENTHALPY CHANGE (DELTA H) ASSOCIATED WITH THE DISSOLUTION OF COMPOUNDS LIKE ALUMINUM
CHLORIDE (ALCLs) IN WATER IS FUNDAMENTAL IN THERMODYNAMICS AND CHEMISTRY. THE SIGN OF DELTA H_DEGREE_SOLN
INDICATES WHETHER THE PROCESS IS ENDOTHERMIC (ABSORBING HEAT, POSITIVE DeELTA H) OR EXOTHERMIC (RELEASING HEAT
NEGATIVE DELTA H) MAKING A QUALITATIVE PREDICTION INVOLVES ANALYZING THE INTERACTIONS AT PLAY DURING
DISSOLUTION, INCLUDING LATTICE ENERGY, HYDRATION ENERGY, AND THE NATURE OF THE SOLUTE AND SOLVENT.

7

OVerVIEW ofF ALUMINUM CHLorIDE (ALCL3)

ALUMINUM cHLORIDE (ALCL3) IS AN IONIC COMPOUND COMPOSED OF AL®Y cATIONS AND CL™ ANIONS. T IS COMMONLY
ENCOUNTERED AS A SOLID IN ITS CRYSTALLINE FORM. W/HEN ALCL, DISSOLVES IN WATER, IT UNDERGOES DISSOCIATION AND
HYDRATION, WHICH SIGNIFICANTLY INFLUENCE THE ENTHALPY CHANGE OF THE PROCESS.

PROPERTIES OF ALCL5; RELEVANT TO DISSOLUTION

- lonic NATURE: ALCLs EXISTS AS IONS IN SOLUTION, WITH STRONG IONIC BONDS IN THE SOLID LATTICE.

- HYDRATION: ALUMINUM IONS TEND TO FORM COMPLEX HYDRATED SPECIES, RELEASING ENERGY DURING HYDRATION.
- HYDRATION ENERGY: THE ENERGY RELEASED WHEN IONS ARE SOLVATED BY WATER MOLECULES.

- LATTICE ENERGY: THE ENERGY REQUIRED TO BREAK THE IONIC LATTICE INTO FREE IONS.

FACTORS INFLUENCING THE SIGN OF DELTA H DEGREE_SOLN

MAKING A QUALITATIVE PREDICTION REQUIRES CONSIDERING SEVERAL THERMODYNAMIC FACTORS:

1. LATTICE ENERGY

- REPRESENTS THE ENERGY NEEDED TO DISASSEMBLE THE IONIC LATTICE INTO GASEOUS IONS.
- For ALCL3, THE LATTICE ENERGY IS RELATIVELY HIGH DUE TO STRONG IONIC BONDS.
- BREAKING THE LATTICE ABSORBS HEAT, CONTRIBUTING POSITIVELY TO DeLTA H.

2. HYDRATION ENERGY

- THE ENERGY RELEASED WHEN IONS INTERACT WITH WATER MOLECULES.
- ALUMINUM IONS (AL3+) ARE HIGHLY CHARGED AND SMALL, LEADING TO HIGH HYDRATION ENERGIES.
- CHLORIDE IONS (CL_) ALSO HYDRATE, RELEASING ENERGY, BUT LESS THAN AL®t DUE TO LOWER CHARGE DENSITY.

3. OVERALL ENTHALPY CHANGE

- THE TOTAL ENTHALPY CHANGE DEPENDS ON THE BALANCE BETWEEN LATTICE ENERGY AND HYDRATION ENERGY.
- |F HYDRATION ENERGY EXCEEDS LATTICE ENERGY, THE PROCESS IS EXOTHERMIC.
- |IF LATTICE ENERGY DOMINATES, THE PROCESS IS ENDOTHERMIC.



QUALITATIVE PrebicTION oF DeLTA H DeGree_soLN FOR ALCL,
DissoLuTION

BASED ON THE FACTORS ABOVE, WE CAN ANALYZE THE DISSOLUTION OF ALCLa.

STEP-BY-STEP ANALYSIS

1. LATTICE DISSOCIATION: REQUIRES BREAKING THE SOLID LATTICE, WHICH CONSUMES ENERGY (ENDOTHERMIC).

2. HYDRATION OF |ONS: ALUMINUM IONS, BEING SMALL AND HIGHLY CHARGED, RELEASE A SIGNIFICANT AMOUNT OF ENERGY UPON
HYDRATION (EXOTHERMIC).

3. CHLORIDE |oN HYDRATION: CHLORIDE IONS HYDRATE READILY, RELEASING ENERGY BUT TO A LESSER EXTENT COMPARED TO
AL3T,

4. NeT EFFecT: THE OVERALL ENTHALPY CHANGE DEPENDS ON WHETHER THE HYDRATION ENERGY SURPASSES THE LATTICE
ENERGY.

PREDICTED SIGN OF DELTA H DEGREE_SOLN

- GIVEN THAT AL®* |ONS HAVE HIGH HYDRATION ENERGIES OWING TO THEIR SMALL SIZE AND HIGH CHARGE, THEY TEND TO
RELEASE SUBSTANTIAL ENERGY DURING HYDRATION.

- THE LATTICE ENERGY OF ALCLSI WHILE SIGNIFICANT, IS GENERALLY OFFSET BY THE HIGH HYDRATION ENERGY OF ALUMINUM
IONS.

- THEREFORE, THE DISSOLUTION OF ALCL3 IN WATER IS EXPECTED TO BE EXOTHERMIC OR AT LEAST RELEASE A NOTABLE
AMOUNT OF HEAT, RESULTING IN A NEGATIVE DELTA H.

SUPPORTING EVIDENCE FROM THERMODYNAMIC DATA

\W/HILE THIS IS A QUALITATIVE ASSESSMENT, THERMODYNAMIC DATA FROM LITERATURE SUPPORTS THE CONCLUSION:

- THE HYDRATION ENTHALPY OF AL®" IS APPROXIMATELY -4520 kJ/MOL, INDICATING A STRONG TENDENCY TO RELEASE ENERGY
UPON HYDRATION.

- THE LATTICE ENERGY OF ALCL5 IS AROUND +2070 kJ/MOL, REQUIRING ENERGY INPUT TO DISSOCIATE THE LATTICE.

- THE HIGH MAGNITUDE OF HYDRATION ENERGY RELATIVE TO LATTICE ENERGY SUGGESTS OVERALL EXOTHERMIC DISSOLUTION.

IMPLICATIONS AND PRACTICAL CONSIDERATIONS

UNDERSTANDING THE ENTHALPY CHANGE OF ALCLs DISSOLUTION HAS PRACTICAL APPLICATIONS!

- INDUSTRIAL PROCESSES: EXOTHERMIC DISSOLUTION CAN INFLUENCE TEMPERATURE MANAGEMENT IN CHEMICAL MANUFACTURING.
- SAFETY: EXOTHERMIC REACTIONS MAY CAUSE HEATING, REQUIRING SAFETY PRECAUTIONS.

- SoLUTION CHEMISTRY: THE HEAT RELEASED AFFECTS SOLUBILITY AND REACTION EQUILIBRIA.

SUMMARY oF Key PoINTS

- THE DISsoLUTION of ALCL, INVOLVES BREAKING IONIC BONDS (LATTICE ENERGY) AND FORMING ION-WATER INTERACTIONS
(HYDRATION ENERGY).

- DUE TO THE HIGH HYDRATION ENERGY OF AL®T IONS, THE OVERALL PROCESS TENDS TO BE EXOTHERMIC.

- THE QUALITATIVE PREDICTION IS THAT DELTA H_DEGREE_SOLN FOR ALCL, DISSOLUTION IS NEGATIVE, INDICATING AN
EXOTHERMIC PROCESS.

CONCLUSION

IN CONCLUSION, ANALYZING THE THERMODYNAMIC FACTORS AFFECTING THE DISSOLUTION OF ALUMINUM CHLORIDE REVEALS THAT



THE PROCESS IS LIKELY EXOTHERMIC. THE HIGH HYDRATION ENERGY OF AL3 |IONS OUTWEIGHS THE LATTICE ENERGY REQUIRED TO
DISSOCIATE THE IONIC LATTICE. THIS UNDERSTANDING IS CRUCIAL FOR CHEMISTS AND ENGINEERS WORKING WITH ALUMINUM
SALTS, AS IT INFLUENCES HOW SOLUTIONS ARE HANDLED, STORED, AND UTILIZED IN VARIOUS APPLICATIONS.

FURTHER READING AND REFERENCES

- ATkINS, P., & DE PAULA, J. (2014). PHysicAL CHEMISTRY. OXFORD UNIVERSITY PRESS.

- House, J. E. (2007). INoRGANIC CHEMISTRY. ACADEMIC PRESS.

- LATTICE ENERGIES AND HYDRATION ENTHALPIES DATA (VARIOUS THERMODYNAMIC TABLES).
- SAFETY DATA SHeeTs (SDS) For ALUMINUM CHLORIDE.

THIS COMPREHENSIVE ANALYSIS PROVIDES A CLEAR UNDERSTANDING OF HOW THERMODYNAMIC PRINCIPLES GUIDE QUALITATIVE
PREDICTIONS OF ENTHALPY CHANGES DURING THE DISSOLUTION OF IONIC COMPOUNDS LIKE ALCL:;.

FREQUENTLY ASkeD QUESTIONS

\WHAT 1S THE SIGN oF AH° FOR THE DISSOLUTION OF ALCL4(S) IN WATER?

THE DISSOLUTION OF ALCL5(S) IN WATER IS TYPICALLY ENDOTHERMIC, SO AH® IS POSITIVE.

\WHY IS THE DISSOLUTION OF ALCL4(S) CONSIDERED AN ENDOTHERMIC PROCESS?

BECAUSE ENERGY IS ABSORBED TO BREAK THE IONIC BONDS IN SOLID ALCL; AND TO HYDRATE THE IONS IN SOLUTION, LEADING
TO A POSITIVE AHC.

How poEes THE HYDRATION oF AL3* AND CL™ IONS INFLUENCE THE SIGN oF AH°?

THE HYDRATION RELEASES ENERGY, BUT SINCE BREAKING THE IONIC LATTICE REQUIRES MORE ENERGY, THE OVERALL PROCESS
RESULTS IN A NET ABSORPTION OF HEAT, MAKING AH® POSITIVE.

CAN THE TEMPERATURE CHANGE DURING THE DISSOLUTION oF ALCL3(S) PROVIDE CLUES
ABOUT THE SIGN oF AH°®?

YES, IF THE SOLUTION ABSORBS HEAT (FEELS COLD), IT INDICATES AN ENDOTHERMIC PROCESS WITH A POSITIVE AHC; IF IT
RELEASES HEAT, AH® WOULD BE NEGATIVE.

Is THE DISSOLUTION oF ALCL3(S) SPONTANEOUS BASED SOLELY ON THE SIGN OF AH®?

NoO, SPONTANEITY DEPENDS ON BOTH AH® AND ENTROPY CHANGE (AS®): A POSITIVE AH® CAN STILL LEAD TO SPONTANEOUS
DISSOLUTION IF THE ENTROPY INCREASE IS SUFFICIENTLY LARGE.

How DOES LATTICE ENERGY AFFECT THE SIGN OF AH® For ALCL3(S) DISSOLUTION?

HIGH LATTICE ENERGY MEANS MORE ENERGY IS REQUIRED TO BREAK THE LATTICE, MAKING THE PROCESS MORE ENDOTHERMIC
(posiTivE AHC).

\WHAT ROLE DOES THE SOLVATION ENERGY PLAY IN DETERMINING THE SIGN oF AH® FOR



ALCL, DISSOLUTION?

IF SOLVATION ENERGY RELEASED UPON HYDRATION EXCEEDS THE LATTICE ENERGY, THE OVERALL AH® couLD BE NEGATIVE,
HOWEVER, FOR ALCL3, IT GENERALLY REMAINS POSITIVE DUE TO HIGH LATTICE ENERGY.

BASED ON QUALITATIVE REASONING, WHAT IS THE EXPECTED SIGN OF AH® FOR THE
piIssoLUTION oF ALCLz(s)?

THE EXPECTED SIGN OF AH® IS POSITIVE, INDICATING AN ENDOTHERMIC PROCESS.

ADDITIONAL RESOURCES

MAKE A QUALITATIVE PrepicTIoN OF THe SigN OF DELTA H Decree_soLN For THe DissoLuTion OF ALCL,(s) And

INTRODUCTION

THE DISSOLUTION OF IONIC COMPOUNDS IN WATER IS A FUNDAMENTAL PROCESS IN CHEMISTRY THAT INFLUENCES VARIOUS
FIELDS, FROM INDUSTRIAL MANUFACTURING TO ENVIRONMENTAL SCIENCE. (UNDERSTANDING WHETHER THIS PROCESS ABSORBS OR
RELEASES HEAT — SIGNIFIED BY THE ENTHALPY CHANGE OF SOLUTION, AHO_SOLN — IS CRUCIAL FOR PREDICTING SOLUTION
BEHAVIOR, DESIGNING PROCESSES, AND INTERPRETING THERMODYNAMIC STABILITY. IN THIS ARTICLE, WE FOCUS ON MAKING A
QUALITATIVE PREDICTION OF THE SIGN OF AHO_SOLN FOR ALUMINUM CHLORIDE (ALCLS) WHEN IT DISSOLVES IN WATER.

ALCLs IS A TYPICAL EXAMPLE OF A TRIVALENT METAL HALIDE THAT EXHIBITS INTERESTING THERMODYNAMIC PROPERTIES DURING
DISSOLUTION. |TS BEHAVIOR CONTRASTS WITH OTHER SALTS SUCH AS NACL OR MGCL2, MAKING IT AN INSTRUCTIVE CASE
STUDY FOR UNDERSTANDING THE UNDERLYING FACTORS INFLUENCING AHO_SOLN.

(UNDERSTANDING THE DISSOLUTION PROCESS
THE DISSOLUTION PROCESS OF ALCL4(S) IN WATER INVOLVES MULTIPLE STEPS:

1. BREAKING THE loNIC LATTICE: OVERCOMING THE ELECTROSTATIC FORCES HOLDING ALCLS IN ITS CRYSTALLINE STRUCTURE.
2. HYDRATION OF loNs: SURROUNDING FREE AL3Y aND CL™ IONS WITH WATER MOLECULES, LEADING TO SOLVATION OR
HYDRATION ENTHALPY.

3. INTERACTION WITH W ATER MOLECULES: POTENTIAL FORMATION OF HYDROGEN BONDS AND OTHER INTERMOLECULAR
INTERACTIONS.

THE OVERALL ENTHALPY CHANGE, AHO_SOLN, DEPENDS ON THE BALANCE BETWEEN ENERGY INPUT TO BREAK THE LATTICE AND
ENERGY RELEASED DURING HYDRATION.

QUALITATIVE PREDICTION APPROACH
To PREDICT THE SIGN OF AH®_SOLN, CONSIDER THE FOLLOWING THERMODYNAMIC PRINCIPLES:

- LATTICE DISSOLUTION: REQUIRES ENERGY INPUT; THUS, THE LATTICE ENERGY (THE ENERGY NEEDED TO SEPARATE IONS) IS
POSITIVE.

- HYDRATION ENERGY: USUALLY RELEASES ENERGY AS IONS INTERACT FAVORABLY WITH WATER MOLECULES; THIS IS NEGATIVE.
- NET EFFECT: IF HYDRATION ENERGY EXCEEDS LATTICE ENERGY, THE PROCESS IS EXOTHERMIC (AH®_soLn < 0). CONVERSELY, IF
LATTICE ENERGY DOMINATES, THE PROCESS IS ENDOTHERMIC (AH®_soun > 0).

APPLYING THESE PRINCIPLES TO ALCLg:



- THE LATTICE ENERGY OF ALCL:; IS RELATIVELY HIGH DUE TO THE SMALL SIZE AND HIGH CHARGE DENSITY of AL3Y.

- THE HYDRATION ENTHALPY FOR AL3" IS NOTABLY LARGE AND NEGATIVE BECAUSE OF STRONG ELECTROSTATIC ATTRACTIONS
WITH POLAR WATER MOLECULES.

- THe CL™ IONS, BEING LARGER AND LESS CHARGED, HAVE SMALLER HYDRATION ENERGIES COMPARATIVELY.

FACTORS INFLUENCING THE SIGN oF AH®_soLNFor ALCL,
1. LATTICE ENerRGY OF ALCL4
LATTICE ENERGY DEPENDS ON IONIC CHARGES AND IONIC RADII. FOorR ALCLg:

- ALUMINUM IoN (AL®T) HAS A +3 CHARGE.
- CHLoRrIDE 10NS (CL™) HAVE A -1 CHARGE.

THE HIGH CHARGE ON AL3 SIGNIFICANTLY INCREASES LATTICE ENERGY COMPARED TO SALTS WITH MONOVALENT IONS, MAKING
LATTICE DISRUPTION ENERGETICALLY COSTLY.

2. HYDRATION ENTHALPY OF |ONS

THE HYDRATION ENTHALPY REFLECTS HOW MUCH ENERGY IS RELEASED WHEN IONS INTERACT WITH WATER:

- AL®*: EXHIBITS VERY HIGH HYDRATION ENTHALPY DUE TO ITS HIGH CHARGE DENSITY AND SMALL RADIUS, LEADING TO STRONG
INTERACTIONS.

- CL™: HAS A SMALLER HYDRATION ENTHALPY BUT STILL CONTRIBUTES TO OVERALL ENERGY RELEASE.

3. STRUCTURAL AND SOLVENT EFFECTS

- ALCL, TENDS TO FORM COMPLEX HYDRATED SPECIES IN SOLUTION, SUCH AS AL(H,0) 3%, WHICH CAN INFLUENCE THE

THERMODYNAMICS.
- THE PROCESS MAY INVOLVE PARTIAL HYDROLYSIS, FURTHER COMPLICATING THE ENTHALPY CONSIDERATIONS.

QUALITATIVE PrebicTION: Is AH® _soLN PosITIVE or NEGATIVE?

GIVEN THE ABOVE FACTORS, THE KEY QUESTION IS WHETHER THE HYDRATION ENERGY OF ALt AND CL™ IONS OUTWEIGHS THE
LATTICE ENERGY OF ALCLg.

- LATTICE ENeRGY OF ALCLj IS SIGNIFICANT BECAUSE OF THE +3 CHARGE ON ALY,
- HYDRATION ENERGY OF ALY IS EXTREMELY LARGE AND EXOTHERMIC.

- CL™ HYDRATION CONTRIBUTES ADDITIONAL EXOTHERMICITY BUT TO A LESSER EXTENT.

SINCE THE HYDRATION ENTHALPY OF AL3t IS NOTABLY MORE NEGATIVE THAN THE LATTICE ENERGY IS POSITIVE, THE NET EFFECT
FAVORS AN EXOTHERMIC PROCESS.

THEREFORE, THE QUALITATIVE PREDICTION IS THAT AHO_SOLN FOR THE DISSOLUTION OF ALCL3<S> IN WATER IS NEGATIVE.

SUPPORTING EVIDENCE FROM EMPIRICAL DATA

EXPERIMENTALLY, THE DISSOLUTION OF ALCLS IN WATER IS OBSERVED TO BE AN EXOTHERMIC PROCESS. THE SOLUTION HEATS
UP UPON DISSOLUTION, INDICATIVE OF HEAT RELEASE. THIS ALIGNS WITH THE THERMODYNAMIC REASONING: STRONG HYDRATION
INTERACTIONS, ESPECIALLY FOR AL3+, DOMINATE THE LATTICE ENERGY INPUT.



IMPLICATIONS AND BROADER CONTEXT
UNDERSTANDING THE SIGN OF AH®_SoLN FOR ALCL 5 HAS PRACTICAL IMPLICATIONS:

- INDUSTRIAL PROCESSES: EXOTHERMIC DISSOLUTION SUGGESTS HEAT MANAGEMENT STRATEGIES ARE NECESSARY DURING LARGE-
SCALE MANUFACTURING.

- CHEMICAL STABILITY: AN EXOTHERMIC PROCESS OFTEN CORRELATES WITH THERMODYNAMIC STABILITY OF THE AQUEOUS
SOLUTION.

- ENVIRONMENTAL IMPACT: THE HEAT RELEASED CAN INFLUENCE LOCAL TEMPERATURE AND PH IN ENVIRONMENTAL SYSTEMS
WHERE ALCL, IS PRESENT.

FURTHERMORE, THIS QUALITATIVE APPROACH CAN BE GENERALIZED TO ANALYZE OTHER SALTS, CONSIDERING THEIR IONIC
CHARGES, SIZES, AND HYDRATION BEHAVIORS.

LIMITATIONS OF QUALITATIVE PREDICTIONS

W/HILE THE QUALITATIVE ANALYSIS PROVIDES A REASONED PREDICTION, IT CANNOT REPLACE QUANTITATIVE THERMODYNAMIC
DATA. FACTORS SUCH AS TEMPERATURE, SOLUTION CONCENTRATION, AND SPECIFIC ION INTERACTIONS CAN INFLUENCE
AHO_SOLN VALUES. THEREFORE/ EXPERIMENTAL MEASUREMENTS OR DETAILED COMPUTATIONAL STUDIES ARE ESSENTIAL FOR
PRECISE THERMODYNAMIC CHARACTERIZATION.

CoNCLUSION

IN CONCLUSION, BASED ON THE THERMODYNAMIC PRINCIPLES AND THE NATURE OF THE IONS INVOLVED, THE DISSOLUTION OF
ALCL;;(S) IN WATER IS EXPECTED TO BE AN EXOTHERMIC PROCESS, CHARACTERIZED BY A NEGATIVE AHO_SOLN. THE HIGH
LATTICE ENERGY OF ALCL3 IS MORE THAN COMPENSATED BY THE SUBSTANTIAL HYDRATION ENERGY OF AL3* IONS, RESULTING IN
A NET RELEASE OF HEAT DURING DISSOLUTION.

THIS QUALITATIVE PREDICTION UNDERSCORES THE IMPORTANCE OF |ONIC PROPERTIES AND SOLVENT INTERACTIONS IN
DETERMINING THERMODYNAMIC OUTCOMES. SUCH INSIGHTS ARE FUNDAMENTAL FOR CHEMISTS AND ENGINEERS WORKING WITH
ALUMINUM SALTS AND OTHER IONIC COMPOUNDS, GUIDING EXPERIMENTAL DESIGN, SAFETY CONSIDERATIONS, AND ENVIRONMENTAL
ASSESSMENTS.
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NoTE: FOR PRECISE THERMODYNAMIC PARAMETERS, REFER TO EXPERIMENTAL DATA AND THERMODYNAMIC TABLES PERTAINING TO
ALCL; AND ITS IONS.

Make A Qualitative Prediction Of The Sign Of Delta H Degree
Soln For The Dissolution Of Alcl 3 S And

Make A Qualitative Prediction Of The Sign Of Delta H Degree Soln For The Dissolution Of Alcl 3 S


https://sip.evo9x.com/ma20/make-a-qualitative-prediction-of-the-sign-of-delta-h-degree-soln-for-the-dissolution-of-alcl-3-s-and.pdf
https://sip.evo9x.com/ma20/make-a-qualitative-prediction-of-the-sign-of-delta-h-degree-soln-for-the-dissolution-of-alcl-3-s-and.pdf

And

Related Articles

e Now That You Have Analyzed Both Sides Of Fiscal And Monetary Policy, It's Time To Create A
Debate For

e Please Read The Case Below And Briefly Answer The Following Two Questions: 1. Do You
Predict That The

e Read The Question. Then Fill In The Correct Answer On The Answer Document Provided By
Your Teacher Or

Back to Home


https://sip.evo9x.com/ma20/now-that-you-have-analyzed-both-sides-of-fiscal-and-monetary-policy-it-s-time-to-create-a-debate-for.pdf
https://sip.evo9x.com/ma20/now-that-you-have-analyzed-both-sides-of-fiscal-and-monetary-policy-it-s-time-to-create-a-debate-for.pdf
https://sip.evo9x.com/ma20/please-read-the-case-below-and-briefly-answer-the-following-two-questions-1-do-you-predict-that-the.pdf
https://sip.evo9x.com/ma20/please-read-the-case-below-and-briefly-answer-the-following-two-questions-1-do-you-predict-that-the.pdf
https://sip.evo9x.com/ma20/read-the-question-then-fill-in-the-correct-answer-on-the-answer-document-provided-by-your-teacher-or.pdf
https://sip.evo9x.com/ma20/read-the-question-then-fill-in-the-correct-answer-on-the-answer-document-provided-by-your-teacher-or.pdf
https://sip.evo9x.com

