CHANGES BETWEEN STATES OF MATTER

UNDERSTANDING THE DYNAMIC CHANGES BETWEEN STATES OF MATTER

CHANGES BETWEEN STATES OF MATTER ARE FUNDAMENTAL TO OUR UNDERSTANDING OF THE PHYSICAL WORLD, DRIVING
PHENOMENA FROM THE SIMPLE ACT OF BOILING WATER TO THE GRAND CYCLES OF THE ATMOSPHERE. T HESE TRANSFORMATIONS,
DICTATED BY ENERGY INPUT OR REMOVAL, ILLUSTRATE THE DYNAMIC NATURE OF SUBSTANCES AS THEY TRANSITION FROM SOLID
TO LIQUID, LIQUID TO GAS, AND VICE VERSA, WITH INTERMEDIATE AND LESS COMMON PHASES ALSO PLAYING SIGNIFICANT
ROLES. THIS ARTICLE WILL DELVE INTO THE INTRICATE DETAILS OF THESE PHASE TRANSITIONS, EXPLORING THE ENERGY
CONSIDERATIONS, THE MICROSCOPIC PARTICLE BEHAVIOR, AND THE SPECIFIC TERMINOLOGY ASSOCIATED WITH EACH CHANGE. WEe
WILL EXAMINE THE DISTINCT PROCESSES INVOLVED IN MELTING, FREEZING, VAPORIZATION, CONDENSATION, SUBLIMATION, AND
DEPOSITION, PROVIDING A COMPREHENSIVE OVERVIEW OF HOW MATTER SHIFTS ITS FORM.
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INTRODUCTION TO STATES OF MATTER

MATTER, INITS MOST COMMONLY ENCOUNTERED FORMS, EXISTS AS SOLID, LIQUID, AND GAS. EACH STATE POSSESSES UNIQUE
CHARACTERISTICS DEFINED BY THE ARRANGEMENT AND MOVEMENT OF ITS CONSTITUENT PARTICLES, WHETHER THEY BE ATOMS,
MOLECULES, OR IONS. SOLIDS EXHIBIT A FIXED SHAPE AND VOLUME DUE TO TIGHTLY PACKED PARTICLES VIBRATING IN PLACE.
LIQUIDS, WHILE HAVING A FIXED VOLUME, CAN FLOW AND TAKE THE SHAPE OF THEIR CONTAINER BECAUSE THEIR PARTICLES ARE
MORE LOOSELY ARRANGED AND CAN SLIDE PAST ONE ANOTHER. GASES, CONVERSELY, HAVE NEITHER A FIXED SHAPE NOR A FIXED
VOLUME, WITH PARTICLES MOVING FREELY AND FAR APART, FILLING ANY AVAILABLE SPACE.

THE STUDY OF CHANGES BETWEEN STATES OF MATTER, ALSO KNOWN AS PHASE TRANSITIONS, IS CRUCIAL FOR COMPREHENDING
COUNTLESS NATURAL AND INDUSTRIAL PROCESSES. UNDERSTANDING THESE TRANSFORMATIONS ALLOWS US TO PREDICT HOW
SUBSTANCES WILL BEHAVE UNDER VARYING CONDITIONS OF TEMPERATURE AND PRESSURE. T HESE SHIFTS ARE NOT RANDOM
OCCURRENCES BUT ARE GOVERNED BY PRECISE PHYSICAL LAWS AND ARE DIRECTLY LINKED TO THE ENERGY CONTENT OF THE
SUBSTANCE. AS ENERGY IS ADDED OR REMOVED, THE KINETIC ENERGY OF THE PARTICLES CHANGES, LEADING TO ALTERED
INTERMOLECULAR FORCES AND THE OBSERVABLE MACROSCOPIC CHANGES IN THE STATE OF MATTER.

THe RoLE oF ENERGY IN PHASE CHANGES

ENERGY IS THE PIVOTAL FACTOR THAT DRIVES CHANGES BETWEEN STATES OF MATTER. SPECIFICALLY, IT IS THE TRANSFER OF
THERMAL ENERGY THAT DICTATES WHETHER A SUBSTANCE WILL REMAIN IN ITS CURRENT STATE OR TRANSITION TO ANOTHER.
\W/HEN THERMAL ENERGY IS ADDED TO A SUBSTANCE, ITS PARTICLES GAIN KINETIC ENERGY, VIBRATING OR MOVING MORE
VIGOROUSLY. THIS INCREASED MOTION CAN OVERCOME THE ATTRACTIVE FORCES BETWEEN PARTICLES, LEADING TO A CHANGE
OF STATE.

CONVERSELY, WHEN THERMAL ENERGY IS REMOVED, THE PARTICLES LOSE KINETIC ENERGY, SLOWING DOWN. THIS REDUCTION IN
MOTION ALLOWS INTERMOLECULAR FORCES TO BECOME MORE DOMINANT, DRAWING PARTICLES CLOSER TOGETHER AND
POTENTIALLY CAUSING A TRANSITION TO A MORE CONDENSED STATE. THE AMOUNT OF ENERGY REQUIRED FOR A SPECIFIC PHASE
CHANGE AT A CONSTANT TEMPERATURE IS KNOWN AS LATENT HEAT. THIS CONCEPT HIGHLIGHTS THAT ENERGY IS ABSORBED OR
RELEASED WITHOUT A CHANGE IN TEMPERATURE DURING THE TRANSITION ITSELF, SIGNIFYING THE BREAKING OR FORMING OF



INTERMOLECULAR BONDS.

SoLip To LIQUID: MELTING AND FREEZING

MELTING: THE TRANSITION FROM SoLID To LiQuID

MELTING, ALSO REFERRED TO AS FUSION, IS THE PROCESS BY WHICH A SOLID TRANSFORMS INTO A LIQUID. THIS OCCURS WHEN A
SUBSTANCE ABSORBS ENOUGH THERMAL ENERGY TO OVERCOME THE STRONG INTERMOLECULAR FORCES THAT HOLD ITS
PARTICLES IN A FIXED, ORDERED STRUCTURE. AS HEAT IS ADDED, THE PARTICLES WITHIN THE SOLID BEGIN TO VIBRATE MORE
INTENSELY. AT THE MELTING POINT, WHICH IS A CHARACTERISTIC TEMPERATURE FOR EACH PURE SUBSTANCE AT A GIVEN
PRESSURE, THESE VIBRATIONS BECOME SO VIGOROUS THAT THE PARTICLES CAN BREAK FREE FROM THEIR RIGID POSITIONS. THEY
GAIN ENOUGH KINETIC ENERGY TO SLIDE PAST ONE ANOTHER, RESULTING IN THE LESS ORDERED STRUCTURE OF A LIQUID.

THE LATENT HEAT OF FUSION IS THE SPECIFIC AMOUNT OF ENERGY REQUIRED TO MELT ONE UNIT MASS OF A SUBSTANCE AT ITS
MELTING POINT. DURING MELTING, THE TEMPERATURE OF THE SUBSTANCE REMAINS CONSTANT UNTIL ALL THE SOLID HAS BEEN
CONVERTED INTO LIQUID, EVEN THOUGH HEAT IS CONTINUOUSLY BEING SUPPLIED. ONCE ALL THE SOLID HAS MELTED, FURTHER
ADDITION OF HEAT WILL THEN INCREASE THE TEMPERATURE OF THE LIQUID.

FreezING: THE REVERSAL OF MELTING

FREEZING, OR SOLIDIFICATION, IS THE OPPOSITE PROCESS TO MELTING, WHERE A LIQUID TRANSFORMS INTO A SOLID. THiS
OCCURS WHEN A SUBSTANCE LOSES THERMAL ENERGY, CAUSING ITS PARTICLES TO SLOW DOWN. AS THE KINETIC ENERGY OF THE
PARTICLES DECREASES, THE ATTRACTIVE INTERMOLECULAR FORCES BECOME STRONG ENOUGH TO LOCK THEM INTO A FIXED,
ORDERED ARRANGEMENT. THE FREEZING POINT IS THE SAME TEMPERATURE AS THE MELTING POINT FOR A GIVEN SUBSTANCE AT A
SPECIFIC PRESSURE. AS A LIQUID COOLS DOWN TO ITS FREEZING POINT, IT BEGINS TO SOLIDIFY.

DURING FREEZING, THERMAL ENERGY IS RELEASED INTO THE SURROUNDINGS. THIS ENERGY RELEASE IS EQUAL TO THE LATENT HEAT
OF FUSION. SIMILAR TO MELTING, THE TEMPERATURE OF THE SUBSTANCE REMAINS CONSTANT DURING THE ENTIRE FREEZING
PROCESS UNTIL ALL THE LIQUID HAS TURNED INTO A SOLID. THIS IS BECAUSE THE ENERGY BEING REMOVED IS USED TO
FACILITATE THE FORMATION OF BONDS AND THE TRANSITION INTO THE SOLID STATE.

LiIQuID To GAS: VAPORIZATION AND CONDENSATION

V APORIZATION: TRANSFORMING LIQUID INTO GAS

V APORIZATION IS THE PROCESS BY WHICH A LIQUID CHANGES INTO A GAS OR VAPOR. THIS TRANSFORMATION REQUIRES THE
INPUT OF THERMAL ENERGY TO OVERCOME THE INTERMOLECULAR FORCES HOLDING THE LIQUID PARTICLES TOGETHER AND TO
INCREASE THEIR KINETIC ENERGY TO A POINT WHERE THEY CAN ESCAPE INTO THE GASEOUS PHASE. VV APORIZATION CAN OCCUR
THROUGH TWO MAIN MECHANISMS: EVAPORATION AND BOILING.

EVAPORATION IS A SURFACE PHENOMENON \WHERE MOLECULES AT THE SURFACE OF A LIQUID WITH SUFFICIENT KINETIC ENERGY
ESCAPE INTO THE GAS PHASE. THIS CAN HAPPEN AT TEMPERATURES BELOW THE BOILING POINT. BOILING, ON THE OTHER HAND, IS
A BULK PHENOMENON THAT OCCURS AT A SPECIFIC TEMPERATURE CALLED THE BOILING POINT. AT THE BOILING POINT, THE
VAPOR PRESSURE OF THE LIQUID EQUALS THE SURROUNDING ATMOSPHERIC PRESSURE, ALLOWING BUBBLES OF VAPOR TO FORM
WITHIN THE LIQUID AND RISE TO THE SURFACE. | HE ENERGY REQUIRED FOR VAPORIZATION IS KNOWN AS THE LATENT HEAT OF



VAPORIZATION.

CoNDENSATION: THE RETURN ofF GAS To LiQuID

CONDENSATION IS THE REVERSE PROCESS OF VAPORIZATION, WHERE A GAS OR VAPOR CHANGES INTO A LIQUID. THIS OCCURS
WHEN A SUBSTANCE LOSES THERMAL ENERGY, CAUSING ITS PARTICLES TO SLOW DOWN AND THE INTERMOLECULAR FORCES TO
PULL THEM CLOSER TOGETHER. AS GAS PARTICLES LOSE KINETIC ENERGY, THEY TRANSITION FROM A STATE OF HIGH DISORDER
AND FREEDOM TO A MORE ORDERED AND CONFINED LIQUID STATE. THIS IS WHY WE OFTEN SEE WATER DROPLETS FORMING ON A
COLD SURFACE, THE WATER VAPOR IN THE AIR LOSES HEAT TO THE COLD SURFACE, CONDENSES INTO LIQUID WATER, AND FORMS
DEW.

THE ENERGY RELEASED DURING CONDENSATION IS EQUAL TO THE LATENT HEAT OF VAPORIZATION. CONDENSATION IS A CRUCIAL
PART OF THE EARTH'S WATER CYCLE, RESPONSIBLE FOR THE FORMATION OF CLOUDS FROM WATER VAPOR IN THE ATMOSPHERE.
Like FREEZING, CONDENSATION OCCURS AT A CONSTANT TEMPERATURE AS ENERGY IS REMOVED FROM THE GASEOUS STATE.

DIRECT TRANSITIONS: SUBLIMATION AND DEPOSITION

SUBLIMATION: SoLIb To GAs WITHouT PASSING THROUGH LIQuID

SUBLIMATION IS A FASCINATING PROCESS WHERE A SUBSTANCE TRANSITIONS DIRECTLY FROM THE SOLID STATE TO THE
GASEOUS STATE WITHOUT PASSING THROUGH THE INTERMEDIATE LIQUID PHASE. THIS OCCURS WHEN THE PARTICLES IN A SOLID
HAVE ENOUGH ENERGY TO BREAK FREE FROM THE SOLID STRUCTURE AND ESCAPE DIRECTLY INTO THE GAS PHASE. FOR
SUBLIMATION TO HAPPEN READILY, THE SUBSTANCE MUST HAVE A RELATIVELY HIGH VAPOR PRESSURE IN ITS SOLID STATE,
MEANING ITS PARTICLES CAN EASILY ESCAPE INTO THE AIR EVEN BELOW THEIR MELTING POINT.

A COMMON EXAMPLE OF SUBLIMATION IS DRY ICE (SOLID CARBON DIOXIDE), WHICH TURNS DIRECTLY INTO GASEOUS CARBON
DIOXIDE AT ATMOSPHERIC PRESSURE AND ROOM TEMPERATURE. OTHER SUBSTANCES LIKE IODINE AND NAPHTHALENE ALSO EXHIBIT
SUBLIMATION. THIS PROCESS IS OFTEN UTILIZED IN FREEZE-DRYING, WHERE WATER IS REMOVED FROM FROZEN FOOD OR
BIOLOGICAL SAMPLES BY SUBLIMATION.

DeposiTION: THE REVERSE OF SUBLIMATION

DEPOSITION, ALSO KNOWN AS DESUBLIMATION, IS THE DIRECT TRANSITION FROM THE GASEOUS STATE TO THE SOLID STATE,
BYPASSING THE LIQUID PHASE. THIS OCCURS WHEN GAS PARTICLES LOSE ENOUGH ENERGY TO SLOW DOWN AND ARRANGE
THEMSELVES INTO A SOLID STRUCTURE. THE INTERMOLECULAR FORCES BECOME STRONG ENOUGH TO HOLD THE PARTICLES IN
PLACE, FORMING A SOLID DIRECTLY FROM THE GAS.

FROST FORMATION ON A COLD WINDOWPANE IS A CLASSIC EXAMPLE OF DEPOSITION. W ATER VAPOR IN THE AIR COMES INTO
CONTACT WITH THE COLD GLASS, LOSES HEAT, AND DIRECTLY TRANSFORMS INTO ICE CRYSTALS. ANOTHER EXAMPLE IS THE

FORMATION OF SNOW CRYSTALS DIRECTLY FROM WATER VAPOR IN CLOUDS UNDER CERTAIN ATMOSPHERIC CONDITIONS. THIS
PROCESS IS THE OPPOSITE OF SUBLIMATION AND RELEASES LATENT HEAT.

BeyoND THE CoMMON: OTHER STATES AND TRANSITIONS

W HILE SOLID, LIQUID, AND GAS ARE THE MOST FAMILIAR STATES OF MATTER, SCIENTIFIC EXPLORATION HAS REVEALED OTHER



DISTINCT PHASES. PLASMA, OFTEN REFERRED TO AS THE FOURTH STATE OF MATTER, IS AN IONIZED GAS WHERE ELECTRONS ARE
STRIPPED FROM ATOMS, CREATING A MIXTURE OF IONS AND FREE ELECTRONS. PLASMA EXHIBITS UNIQUE ELECTRICAL AND
MAGNETIC PROPERTIES AND IS FOUND IN STARS, LIGHTNING, AND NEON SIGNS.

TRANSITIONS TO AND FROM PLASMA INVOLVE SIGNIFICANT ENERGY INPUT. FOR INSTANCE, HEATING A GAS TO EXTREMELY HIGH
TEMPERATURES CAN CREATE PLASMA. OTHER LESS COMMON STATES INCLUDE BOSE-EINSTEIN CONDENSATES AND FERMIONIC
CONDENSATES, WHICH OCCUR AT EXTREMELY LOW TEMPERATURES AND EXHIBIT QUANTUM MECHANICAL PROPERTIES ON A
MACROSCOPIC SCALE. UNDERSTANDING THESE EXOTIC STATES AND THEIR TRANSITIONS EXPANDS OUR COMPREHENSION OF
MATTER'S BEHAVIOR UNDER EXTREME CONDITIONS.

FACTORS INFLUENCING CHANGES BETWEEN STATES OF MATTER

SEVERAL FACTORS SIGNIFICANTLY INFLUENCE THE CHANGES BETWEEN STATES OF MATTER. | HE MOST PROMINENT IS
TEMPERATURE. INCREASING TEMPERATURE GENERALLY FAVORS TRANSITIONS TO LESS CONDENSED STATES <SOLID TO LIQUID,
LIQUID TO GAS)/ WHILE DECREASING TEMPERATURE FAVORS TRANSITIONS TO MORE CONDENSED STATES. THE SECOND CRITICAL
FACTOR IS PRESSURE. FOR MOST SUBSTANCES, INCREASING PRESSURE FAVORS THE SOLID OR LIQUID STATES OVER THE GASEOUS
STATE BECAUSE IT FORCES PARTICLES CLOSER TOGETHER.

THE PRESENCE OF IMPURITIES CAN ALSO ALTER PHASE TRANSITION TEMPERATURES. FOR EXAMPLE, ADDING SALT TO WATER
LOWERS ITS FREEZING POINT AND RAISES ITS BOILING POINT. THE NATURE OF THE SUBSTANCE ITSELF, INCLUDING THE STRENGTH
OF ITS INTERMOLECULAR FORCES, PLAYS A CRUCIAL ROLE. SUBSTANCES WITH STRONG INTERMOLECUL AR FORCES REQUIRE MORE
ENERGY TO TRANSITION BETWEEN STATES COMPARED TO THOSE WITH WEAKER FORCES. UNDERSTANDING THESE INFLUENCING
FACTORS IS KEY TO PREDICTING AND CONTROLLING PHASE CHANGES IN VARIOUS APPLICATIONS, FROM WEATHER FORECASTING
TO CHEMICAL ENGINEERING.

FREQUENTLY AskeD QUESTIONS

Q: WHAT IS THE MOST COMMON EXAMPLE OF A CHANGE BETWEEN STATES OF MATTER
IN EVERYDAY LIFEP

A: THE MOST COMMON EXAMPLE IS THE MELTING OF ICE INTO WATER AND THE FREEZING OF WATER INTO ICE. THIS IS OBSERV ABLE
WHEN YOU TAKE ICE OUT OF THE FREEZER, OR WHEN W ATER FREEZES IN YOUR ICE TRAY.

Q: How DOES PRESSURE AFFECT THE BOILING POINT OF WATER?

A: INCREASED PRESSURE RAISES THE BOILING POINT OF WATER, WHILE DECREASED PRESSURE LOWERS IT. THIS IS WHY WATER
BOILS AT A LOWER TEMPERATURE AT HIGH ALTITUDES WHERE ATMOSPHERIC PRESSURE IS LOWER, AND WHY PRESSURE COOKERS,
WHICH INCREASE PRESSURE, ALLOW FOOD TO COOK FASTER AT HIGHER TEMPERATURES.

Q! \WHAT IS THE DIFFERENCE BETWEEN EVAPORATION AND BOILING?

A: EVAPORATION IS A SURFACE PHENOMENON WHERE LIQUID MOLECULES ESCAPE INTO THE GAS PHASE AT ANY TEMPERATURE
BELOW THE BOILING POINT. BOILING IS A BULK PHENOMENON THAT OCCURS AT A SPECIFIC TEMPERATURE (THE BOILING POINT)
\WHERE VAPOR BUBBLES FORM THROUGHOUT THE LIQUID.

QZ CAN A SUBSTANCE SKIP THE LIQUID STATE ENTIRELY?

A: YES, THIS PROCESS IS CALLED SUBLIMATION. DRY ICE (SOLID CARBON DIOXIDE) IS A COMMON EXAMPLE OF A SUBSTANCE



THAT SUBLIMES DIRECTLY FROM A SOLID TO A GAS AT ROOM TEMPERATURE AND ATMOSPHERIC PRESSURE.

Q: \WHAT IS LATENT HEAT , AND WHY IS IT IMPORTANT FOR PHASE CHANGES?

A: LATENT HEAT IS THE ENERGY ABSORBED OR RELEASED DURING A PHASE CHANGE AT A CONSTANT TEMPERATURE. IT IS
IMPORTANT BECAUSE IT REPRESENTS THE ENERGY REQUIRED TO BREAK OR FORM INTERMOLECULAR BONDS, ALLOWING MATTER TO
TRANSITION BETWEEN ITS SOLID, LIQUID, AND GASEOUS STATES.

Q: DOES THE TEMPERATURE OF A SUBSTANCE CHANGE WHILE IT IS UNDERGOING A PHASE
CHANGE?

A: NO, THE TEMPERATURE OF A PURE SUBSTANCE REMAINS CONSTANT DURING A PHASE CHANGE (E.G., MELTING, FREEZING,
BOILING, CONDENSATION) AS LONG AS THE PRESSURE REMAINS CONSTANT. THE ABSORBED OR RELEASED ENERGY IS USED TO
ALTER THE STATE, NOT THE KINETIC ENERGY OF THE PARTICLES.

QI \WHAT IS AN EXAMPLE OF DEPOSITION IN NATURE?

A: FROST FORMING ON COLD SURFACES OVERNIGHT IS A COMMON EXAMPLE OF DEPOSITION. W ATER VAPOR IN THE AIR DIRECTLY
TRANSFORMS INTO ICE CRYSTALS WITHOUT FIRST BECOMING LIQUID WATER.
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