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UNDERSTANDING THE MELTING POINTS OF VARIOUS CHEMICAL COMPOUNDS IS FUNDAMENTAL IN CHEMISTRY, ESPECIALLY WHEN
DEALING WITH SALTS AND THEIR APPLICATIONS IN INDUSTRIES SUCH AS ELECTRONICS, MANUFACTURING, AND PHARMACEUTICALS.
AMONG COMMON SALTS LIKE Sopium BroMipe (NABR), SobiuM CHLorIDE (NACL), AND SopiuM lopipe (NAD), THEIR MELTING
POINTS VARY SIGNIFICANTLY DUE TO DIFFERENCES IN THEIR CHEMICAL STRUCTURES AND BONDING CHARACTERISTICS. THIS
ARTICLE AIMS TO ACCURATELY ARRANGE NABR, NACL, AND NA| ACCORDING TO THEIR INCREASING MELTING POINTS, EXPLORING
THE UNDERLYING FACTORS INFLUENCING THESE TEMPERATURES, AND PROVIDING DETAILED INSIGHTS INTO EACH COMPOUND'S
PROPERTIES.

INTRODUCTION TO MELTING POINTS OF SALTS

THE MELTING POINT OF A SUBSTANCE IS THE TEMPERATURE AT WHICH IT TRANSITIONS FROM A SOLID TO A LIQUID STATE. For
IONIC COMPOUNDS LIKE NABR, NACL, AND NAI, MELTING POINTS ARE PRIMARILY DETERMINED BY THE STRENGTH OF THE IONIC
BONDS BETWEEN THE CATIONS AND ANIONS. STRONGER IONIC BONDS REQUIRE HIGHER ENERGY (TEMPERATURE) TO BREAK,
RESULTING IN HIGHER MELTING POINTS. SEVERAL FACTORS INFLUENCE THE MELTING POINTS OF SALTS:

FACTORS AFFECTING MELTING POINTS

1. loNic BOND STRENGTH: THE ELECTROSTATIC ATTRACTION BETWEEN OPPOSITELY CHARGED IONS DETERMINES THE ENERGY
NEEDED TO DISRUPT THE CRYSTAL LATTICE.

2. |oN SIZE: SMALLER IONS GENERALLY FORM STRONGER BONDS DUE TO HIGHER CHARGE DENSITY, LEADING TO HIGHER
MELTING POINTS.

3. CHARGE DENSITY: |ONS WITH HIGHER CHARGE DENSITIES TEND TO HAVE STRONGER ELECTROSTATIC ATTRACTIONS.

4. LATTICE ENERGY: THE ENERGY RELEASED WHEN GASEOUS IONS FORM AN IONIC SOLID; HIGHER LATTICE ENERGY
CORRELATES WITH HIGHER MELTING POINTS.

(UNDERSTANDING THESE FACTORS ALLOWS US TO PREDICT AND COMPARE THE MELTING POINTS OF VARIOUS SALTS
SYSTEMATICALLY.

CompArIsoN oF NACL, NABR, AnD NAl

LET US NOW ANALYZE EACH COMPOUND'S PROPERTIES, FOCUSING ON THEIR CHEMICAL STRUCTURE, IONIC SIZES, AND RESULTING
MELTING POINTS.



1. SobiuM CHLoriDE (NACL)

- CHemicaL CoMposITIoN: SopiuM caTioN (NAT) AND cHLorIDE AnioN (CL™)
- loNnic RaDIUS:

- Na™t: APPROXIMATELY 102 PM

- CL™: APPROXIMATELY 181 PM

- LATTICE ENerGY: ABOUT 786 KJ/MoL

- MeLTING PoinT: 801°C (1474°F)

NACL IS ONE OF THE MOST COMMON TABLE SALTS. |TS HIGH MELTING POINT IS ATTRIBUTED TO THE STRONG ELECTROSTATIC
ATTRACTION BETWEEN NAT anp CL™ IONS, FORMING A ROBUST CRYSTAL LATTICE.

2. SopiuM BroMipe (NABR)

- CHemicaL ComposiTIoN: Sobium caTIoN (NAT) AND BROMIDE ANIoN (BrR™)
- loNic RADIUS:

- NA™: APPROXIMATELY 102 PM

- BR™: APPROXIMATELY 196 PM

- LATTICE ENERGY: SLIGHTLY LOWER THAN NACL, ARounp 770 kJ/moL

- MELTING PoinT: 755°C (1389°F)

NABR HAS A MELTING POINT SLIGHTLY LOWER THAN NACL. THE LARGER SIZE OF BR™ COMPARED TO CL™ LEADS TO A WEAKER
IONIC BOND AND, CONSEQUENTLY, A LOWER MELTING POINT.

3. SopiuM lopioe (Nal)

- CHemicaL ComposiTIoN: Sobium caTioN (Nat) anp 1opiDe anion (17)
- loNnic RADIUS:

- Nat: APPROXIMATELY 102 PM

- |7 APPROXIMATELY 220 PM

- LATTICE ENerGY: APPROXIMATELY 720 kJ/MoL

- MELTING PoinT: 651°C (1204°F)

NAl HAS THE LOWEST MELTING POINT AMONG THESE THREE SALTS. THE LARGE SIZE OF |~ RESULTS IN WEAKER ELECTROSTATIC
ATTRACTIONS, REDUCING THE ENERGY NEEDED TO MELT THE COMPOUND.

ARRANGING NABR, NACL, NAl ACCORDING To THEIR INCREASING MELTING
PoINT

BASED ON THE ANALYSIS ABOVE, THE COMPOUNDS CAN BE ORDERED FROM THE LOWEST TO THE HIGHEST MELTING POINT AS
FOLLOWS:

1. Nal (Sobium lopipe) - 651°C
2. NABRr (Sobpium BroMipe) - 755°C

3. NaCL (Sobium CHLorIDE) — 801°C



THEREFORE, THE CORRECT ARRANGEMENT IS:
Nal < NABRr < NaCL

THIS ORDER REFLECTS THE INFLUENCE OF IONIC RADII AND LATTICE ENERGIES, WHERE LARGER ANIONS RESULT IN WEAKER IONIC
BONDS, THUS LOWERING THE MELTING POINT.

UNDERSTANDING THE UNDERLYING PRINCIPLES

THE TREND OBSERVED IN THE MELTING POINTS OF THESE SALTS IS ROOTED IN THE PRINCIPLES OF IONIC BONDING AND LATTICE
ENERGY.

IMPACT OF |oNIC RADII ON MELTING POINTS

- SMALLER |ONS: LEAD TO STRONGER ELECTROSTATIC ATTRACTIONS, HIGHER LATTICE ENERGY, AND INCREASED MELTING POINTS.
- LARGER |ONS: RESULT IN WEAKER ELECTROSTATIC ATTRACTIONS, LOWER LATTICE ENERGY, AND DECREASED MELTING POINTS.

IN OUR CASE:

- CL™ IS SMALLER THAN BR™, WHICH IS SMALLER THAN |™.
- THE DECREASING SIZE FROM CL™ TO |~ CORRELATES WITH DECREASING MELTING POINTS.

RoLE oF LATTICE ENERGY

LATTICE ENERGY IS A KEY FACTOR INFLUENCING MELTING POINTS. |T IS AFFECTED BY:

- CHARGE OF IONS: BOTH ARE MONOVALENT, SO CHARGE IS CONSTANT.
- |ONIC SIZES: SMALLER IONS PRODUCE HIGHER LATTICE ENERGY.

SINCE ALL IONS ARE MONOVALENT, THE SIZE DIFFERENCE IS THE PRIMARY DETERMINANT. THE SMALLER THE ANION, THE HIGHER THE
LATTICE ENERGY, AND THE HIGHER THE MELTING POINT.

ADDITIONAL FACTORS AND CONSIDERATIONS

W/HILE IONIC SIZE AND LATTICE ENERGY ARE PRIMARY FACTORS, OTHER ASPECTS CAN INFLUENCE MELTING POINTS:

PoOLARIZABILITY

- LARGER IONS LIKE |~ ARE MORE POLARIZABLE, WHICH CAN \WEAKEN |IONIC BONDS AND LOWER MELTING POINTS.



CRYSTAL STRUCTURE

- THE ARRANGEMENT OF IONS IN THE CRYSTAL LATTICE CAN SLIGHTLY INFLUENCE MELTING POINTS BUT GENERALLY FOLLOWS THE
TRENDS BASED ON IONIC SIZES.

IMPURITIES AND DEFECTS

- REAL-WORLD SAMPLES MAY HAVE IMPURITIES THAT CAN AFFECT MELTING TEMPERATURES. HO\X/EVER, FOR PURE COMPOUNDS,
THE DISCUSSED TRENDS ARE RELIABLE.

PRACTICAL IMPLICATIONS OF MELTING POINT TRENDS

KNOWING THE ORDER OF MELTING POINTS IS ESSENTIAL IN VARIOUS PRACTICAL APPLICATIONS:

- CHEMICAL SYNTHESIS: SELECTING APPROPRIATE SALTS FOR HIGH-TEMPERATURE PROCESSES.

- ELECTRONICS: USING SALTS WITH SPECIFIC MELTING POINTS FOR SOLDERING OR THERMAL STABILITY.

- PHARMACEUTICALS: UNDERSTANDING MELTING POINTS FOR COMPOUND STABILITY AND FORMULATION.

- INDUSTRIAL PROCESSES: DESIGNING PROCESSES THAT INVOLVE MELTING OR HEATING SALTS, SUCH AS ELECTROLYSIS OR
CRYSTAL GROWTH.

SUMMARY

To SUCCINCTLY CONCLUDE:

- THe SALTS Nal, NABR, AND NACL ARE ORDERED ACCORDING TO THEIR MELTING POINTS AS NAl < NABR < NaCL.
- THIS TREND IS PRIMARILY DRIVEN BY THE SIZE OF THE HALIDE IONS, WHERE SMALLER IONS FORM STRONGER IONIC BONDS.
- THE DECREASING IONIC RADIUS FROM CL™ TO |7 RESULTS IN LOWER LATTICE ENERGY AND THUS LOWER MELTING POINTS.

UNDERSTANDING THESE PRINCIPLES NOT ONLY HELPS IN PREDICTING MELTING POINTS BUT ALSO AIDS IN DESIGNING PROCESSES AND
MATERIALS IN VARIOUS SCIENTIFIC AND INDUSTRIAL FIELDS.

FINAL REMARKS

MASTERING THE RELATIONSHIP BETWEEN IONIC PROPERTIES AND MELTING POINTS IS A FUNDAMENTAL ASPECT OF INORGANIC
CHEMISTRY. RECOGNIZING HOW FACTORS SUCH AS IONIC RADIUS, LATTICE ENERGY, AND POLARIZABILITY INFLUENCE MELTING
TEMPERATURES ENABLES CHEMISTS AND ENGINEERS TO TAILOR MATERIALS FOR SPECIFIC APPLICATIONS, OPTIMIZE PROCESSES
AND INNOVATE IN FIELDS RANGING FROM MATERIALS SCIENCE TO PHARMACEUTICALS.

/
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NOTE: THE MELTING POINTS MENTIONED ARE APPROXIMATE AND CAN VARY SLIGHTLY DEPENDING ON PURITY, MEASUREMENT
METHODS, AND EXPERIMENTAL CONDITIONS.

FREQUENTLY AskeD QUESTIONS

How po THE MELTING POINTS oF NABR, NACL, AND NAl COMPARE WHEN ARRANGED IN
INCREASING ORDER?

THE INCREASING ORDER OF THEIR MELTING POINTS IS NAl < NaBr < NaCL.

\WHAT FACTORS INFLUENCE THE MELTING POINTS OF NABR, NACL, AND NAI?

THE MELTING POINTS ARE INFLUENCED BY IONIC BOND STRENGTH, WHICH DEPENDS ON IONIC SIZE AND CHARGE, SMALLER IONS
RESULT IN STRONGER BONDS AND HIGHER MELTING POINTS.

\WHY poes NACL HAVE A HIGHER MELTING POINT THAN NA| AND NABR?

NACL HAS SMALLER IoNS (NA+ AND CL—) LEADING TO STRONGER ELECTROSTATIC ATTRACTION AND THUS A HIGHER MELTING
POINT COMPARED TO NABR AND NAI.

\WHICH ofF THE SALTS NABR, NACL, AND NAI HAS THE LOWEST MELTING POINT, AND
WHY?

NAl HAS THE LOWEST MELTING POINT BECAUSE IODINE IONS ARE LARGER, RESULTING IN WEAKER IONIC BONDS COMPARED TO
NACL AND NABR.

CAN THE TREND IN MELTING POINTS OF NABR, NACL, AND NAl BE EXPLAINED BY THEIR
IONIC RADII?

YES/ LARGER IONIC RADII IN NA| LEAD TO WEAKER IONIC BONDS AND LOWER MELTING POINTS, WHEREAS SMALLER RADII IN NaCL
RESULT IN STRONGER BONDS AND HIGHER MELTING POINTS.

ADDITIONAL RESOURCES

ARRANGE NABR, NACL, NAl ACCORDING TO THEIR INCREASING MELTING POINT

THE MELTING POINT OF A COMPOUND IS A FUNDAMENTAL PHYSICAL PROPERTY THAT REFLECTS THE STRENGTH OF THE FORCES
HOLDING ITS CONSTITUENT PARTICLES TOGETHER. W/HEN IT COMES TO INORGANIC SALTS SUCH AS SODIUM HALIDES—NAMELY
sopiuM BroMIDE (NABR), sobium cHLoRIDE (NACL), AND SoDIUM 10DIDE (NAI)—THEIR MELTING POINTS VARY SIGNIFICANTLY
BASED ON FACTORS LIKE IONIC SIZE, LATTICE ENERGY, AND THE NATURE OF IONIC BONDS. UNDERSTANDING HOW THESE
COMPOUNDS RANK IN TERMS OF MELTING POINTS NOT ONLY PROVIDES INSIGHT INTO THEIR STRUCTURAL CHEMISTRY BUT ALSO
INFORMS THEIR PRACTICAL APPLICATIONS ACROSS INDUSTRIES SUCH AS PHARMACEUTICALS, METALLURGY, AND CHEMICAL
MANUFACTURING.

IN THIS ARTICLE, WE WILL EXPLORE THE MELTING POINTS OF NABR, NACL, AND NAI, ANALYZE THE UNDERLYING PRINCIPLES THAT
INFLUENCE THESE VALUES, AND ARTICULATE THEIR ARRANGEMENT FROM THE LOWEST TO THE HIGHEST MELTING POINT. THIS



DETAILED EXAMINATION AIMS TO CLARIFY THE RELATIONSHIP BETWEEN IONIC CHARACTERISTICS AND THERMAL STABILITY,
OFFERING A COMPREHENSIVE PERSPECTIVE FOR BOTH STUDENTS AND PROFESSIONALS INTERESTED IN INORGANIC CHEMISTRY.

UNDERSTANDING MELTING PoINTS IN loNic COMPOUNDS
BEFORE DELVING INTO SPECIFICS, IT’S ESSENTIAL TO GRASP WHAT DETERMINES THE MELTING POINT IN IONIC COMPOUNDS:

- LATTICE ENERGY: THIS IS THE ENERGY REQUIRED TO BREAK APART THE IONIC LATTICE INTO GASEOUS IONS. HIGHER LATTICE
ENERGY MEANS STRONGER BONDS, LEADING TO HIGHER MELTING POINTS.

- loNIC SizE: SMALLER IONS CAN PACK MORE TIGHTLY IN THE CRYSTAL LATTICE, INCREASING LATTICE ENERGY.

- CHARGE DENSITY: |ONS WITH HIGHER CHARGE DENSITY (CHARGE PER VOLUME) CONTRIBUTE TO STRONGER ELECTROSTATIC
ATTRACTION.

- PoOLARIZATION EFFECTS: LARGER, MORE POLARIZABLE IONS CAN DISTORT THE ELECTRON CLOUD OF NEIGHBORING IONS,
AFFECTING THE LATTICE ENERGY AND MELTING POINT.

IN SODIUM HALIDES, THE CATION (NA+) REMAINS CONSTANT, BUT THE HALIDE ANIONS (BR-, |-, CL-) DIFFER IN SIZE AND
POLARIZABILITY, INFLUENCING THEIR MELTING POINTS.

THe SobiuM HALIDES: NACL, NABR, AND NAl

LET'S EXAMINE EACH COMPOUND INDIVIDUALLY , CONSIDERING THEIR STRUCTURAL FEATURES, LATTICE ENERGIES, AND HOW THESE
FACTORS IMPACT THEIR MELTING POINTS.

SopiumM CHLoripe (NACL)

- STRUCTURE § CoMposiTIoN: NACL ADOPTS A FACE-CENTERED CUBIC (FCC) CRYSTAL LATTICE, WHERE EACH SODIUM ION IS
SURROUNDED BY SIX CHLORIDE IONS AND VICE VERSA.

- lonic RaDIi: Na+ (~102 pm), CL- (~181 pM)

- LATTICE ENERGY: APPROXIMATELY -787 kJ/MoL

- MeLTING PoINT: AsouT 801°C (1074 K)

NACL IS OFTEN CONSIDERED THE BENCHMARK AMONG SODIUM HALIDES DUE TO ITS HIGH MELTING POINT, REFLECTING ITS STRONG
IONIC BONDS AND RELATIVELY SMALL ANION SIZE, WHICH ALLOWS CLOSE PACKING.

Sobium Bromipe (NABR)

- STRUCTURE § ComposITIoN: SIMILAR FCC sTRUCTURE AS NACL.

- lonic RaDI: NA+ (~102 pM), Br- (~196 pM)

- LATTICE ENERGY: SLIGHTLY LOWER THAN NACL, APPROXIMATELY -7 56 kJ/MoL
- MELTING PoINT: ABouT 755°C (1028 K)

NABR HAS A LARGER BROMIDE ION COMPARED TO CHLORIDE, LEADING TO A SLIGHT DECREASE IN LATTICE ENERGY AND MELTING
POINT RELATIVE TO NACL.

SopiuM lopipe (Nal)

- STRUCTURE § CoMpPosITION: ALso ADOPTS AN FCC LATTICE.

- lonic RaDIi: Na+ (~102 pM), |- (~220 pM)

- LATTICE ENERGY: SIGNIFICANTLY LOWER, APPROXIMATELY 701 kJ/MoL
- MELTING PoINT: AgouT 661°C (934 K)

THE IODIDE ION’S LARGER SIZE AND HIGHER POLARIZABILITY RESULT IN WEAKER ELECTROSTATIC FORCES, THUS REDUCING THE
MELTING POINT FURTHER.



COoMPARATIVE ANALYSIS OF MELTING POINTS

BASED ON THE DATA AND STRUCTURAL CONSIDERATIONS, THE COMPOUNDS’ MELTING POINTS FOLLOW A LOGICAL TREND:
- NACL: ~801°C

- NABRr: ~755°C

- Nal: ~661°C

THEREFORE, THE ARRANGEMENT FROM LOWEST TO HIGHEST MELTING POINT IS:

Nal < NaBr < NaCL

THIS ORDER CONFIRMS THAT INCREASING IONIC RADIUS AND POLARIZABILITY (FROM CL-TO |‘) CORRELATES WITH DECREASING
LATTICE ENERGY AND MELTING POINT.

FACTORS INFLUENCING THE TREND
SEVERAL FACTORS CONTRIBUTE TO THIS PATTERN:

1. loNic Size AND LATTICE PACKING:
- AS THE HALIDE ION SIZE INCREASES FROM CL- TO |-, THE IONS CANNOT PACK AS TIGHTLY, REDUCING LATTICE ENERGY.

2. PoLARIZABILITY:
- LARGER IONS ARE MORE POLARIZABLE, WHICH WEAKENS THE ELECTROSTATIC ATTRACTION BETWEEN IONS.

3. LATTICE ENERGY V ARIATIONS:
- SMALLER, LESS POLARIZABLE IONS PRODUCE HIGHER LATTICE ENERGIES, RESULTING IN HIGHER MELTING POINTS.

4. BOND STRENGTHS:
- STRONGER IONIC BONDS REQUIRE MORE ENERGY (HEAT) TO BREAK, THUS HIGHER MELTING POINTS.

PRACTICAL IMPLICATIONS OF THE MELTING POINT HIERARCHY
(UNDERSTANDING THE MELTING POINTS OF THESE SODIUM HALIDES HAS TANGIBLE INDUSTRIAL AND SCIENTIFIC SIGNIFICANCE:

- SELECTION FOR HIGH- TEMPERATURE APPLICATIONS: NACL’S HIGH MELTING POINT MAKES IT SUITABLE FOR APPLICATIONS LIKE
SALT BATHS IN METALLURGY AND HIGH-TEMPERATURE PROCESSES.

- SOLUBILITY AND STABILITY: ALTHOUGH MELTING POINTS ARE HIGH, SOLUBILITY VARIES;, FOR EXAMPLE, NAl IS MORE SOLUBLE
IN WATER THAN NACL OR NABR, WHICH INFLUENCES THEIR USE IN CHEMICAL SYNTHESIS AND PHARMACEUTICAL FORMULATIONS.
- MATERIAL HANDLING: LOWER MELTING POINT COMPOUNDS LIKE NA| ARE EASIER TO MELT AND PROCESS AT LOWER
TEMPERATURES, ADVANTAGEOUS IN CERTAIN MANUFACTURING CONTEXTS.

BroADER CONTEXT AND RELATED COMPOUNDS

THE TREND OBSERVED IN SODIUM HALIDES IS CONSISTENT WITH OTHER ALKALI HALIDE SERIES, SUCH AS POTASSIUM HALIDES,
WHERE SIMILAR SIZE AND POLARIZABILITY EFFECTS INFLUENCE MELTING POINTS. MOREOVER, COMPARING THESE SALTS TO OTHER
IONIC COMPOUNDS REVEALS THE UNIVERSAL IMPORTANCE OF IONIC SIZE AND LATTICE ENERGY IN DETERMINING THEIR THERMAL
PROPERTIES.

CoNCLUSION



THE oRDERED ARRANGEMENT OF NAI < NABR < NACL BASED ON INCREASING MELTING POINT UNDERSCORES THE CRITICAL ROLE OF
IONIC SIZE, LATTICE ENERGY, AND POLARIZABILITY IN DEFINING THE PHYSICAL PROPERTIES OF INORGANIC SALTS. AS THE HALIDE
IONS GROW LARGER FROM CHLORIDE TO IODIDE, THE IONIC BONDS WEAKEN, LEADING TO A DECREASE IN MELTING POINT. THIS
UNDERSTANDING NOT ONLY ENRICHES OUR GRASP OF FUNDAMENTAL INORGANIC CHEMISTRY BUT ALSO GUIDES PRACTICAL
CHOICES IN INDUSTRY AND RESEARCH.

IN SUMMARY, THE MELTING POINTS OF SODIUM HALIDES ARE A TESTAMENT TO THE DELICATE BALANCE OF IONIC FORCES,
STRUCTURAL PACKING, AND ELECTROSTATIC INTERACTIONS. RECOGNIZING THESE PRINCIPLES ALLOWS CHEMISTS AND ENGINEERS
TO HARNESS THE RIGHT COMPOUND FOR THE RIGHT APPLICATION, OPTIMIZING THERMAL STABILITY, SOLUBILITY, AND
PROCESSABILITY IN THE EVER"EVOLVING LANDSCAPE OF CHEMICAL SCIENCE.
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