CHEMICAL VS PHYSICAL CHANGE IN BREAKING GLASS

CHeMICAL vs PHYsIcAL CHANGE IN BREAKING GLASS: A DETAILED ANALYSIS

CHEMICAL VS PHYSICAL CHANGE IN BREAKING GLASS IS A FUNDAMENTAL CONCEPT IN CHEMISTRY, AND ITS APPLICATION TO THE
SEEMINGLY SIMPLE ACT OF SHATTERING A GLASS OBJECT PROVIDES A CLEAR ILLUSTRATION OF THESE DISTINCT PROCESSES.
W/HILE THE VISUAL OUTCOME MIGHT APPEAR DRAMATIC, UNDERSTANDING WHETHER THE CHANGE IS CHEMICAL OR PHYSICAL
REQUIRES A CLOSER EXAMINATION OF MOLECULAR STRUCTURE AND BONDING. THIS ARTICLE DELVES DEEPLY INTO THE
DISTINCTION BETWEEN THESE TWO TYPES OF CHANGES, USING THE BREAKING OF GLASS AS A PRIMARY EXAMPLE TO DEMYSTIFY
THE UNDERLYING SCIENTIFIC PRINCIPLES. WE WILL EXPLORE THE NATURE OF CHEMICAL BONDS, THE PROPERTIES OF GLASS, AND
THE SPECIFIC TRANSFORMATIONS THAT OCCUR WHEN GLASS FRACTURES, ULTIMATELY CLARIFYING WHY IT REPRESENTS A PRIME
EXAMPLE OF A PHYSICAL ALTERATION.
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UNDERSTANDING CHEMICAL VS. PHYSICAL CHANGES

AT THE HEART OF CHEMISTRY LIES THE DISTINCTION BETWEEN CHEMICAL AND PHYSICAL CHANGES. A PHYSICAL CHANGE ALTERS
THE FORM OR APPEARANCE OF A SUBSTANCE BUT DOES NOT CHANGE ITS CHEMICAL COMPOSITION. THE MOLECULES THEMSELVES
REMAIN THE SAME. IN CONTRAST, A CHEMICAL CHANGE RESULTS IN THE FORMATION OF NEW SUBSTANCES WITH DIFFERENT
CHEMICAL PROPERTIES. THIS INVOLVES THE BREAKING AND FORMING OF CHEMICAL BONDS, LEADING TO A FUNDAMENTAL
ALTERATION OF THE MATERIAL'S IDENTITY.

PHYsicaL CHANGES EXPLAINED

PHYSICAL CHANGES ARE REVERSIBLE AND DO NOT INVOLVE A CHANGE IN THE CHEMICAL IDENTITY OF THE SUBSTANCE. COMMON
EXAMPLES INCLUDE CHANGES OF STATE, SUCH AS MELTING ICE INTO WATER OR BOILING WATER INTO STEAM. IN THESE
INSTANCES, THE SUBSTANCE IS STILL Hzo; ITS MOLECULAR ARRANGEMENT AND ENERGY LEVELS HAVE SIMPLY CHANGED. OTHER
PHYSICAL CHANGES INCLUDE DISSOLVING SALT IN WATER, WHERE THE SALT IONS ARE DISPERSED BUT NOT CHEMICALLY ALTERED
OR CUTTING PAPER, WHERE THE PAPER IS DIVIDED INTO SMALLER PIECES BUT REMAINS PAPER. THE KEY CHARACTERISTIC IS THAT
THE FUNDAMENTAL BUILDING BLOCKS OF THE SUBSTANCE DO NOT REARRANGE TO FORM NEW MOLECULES.

/

CHeMicaL CHANGES EXPLAINED

CHEMICAL CHANGES, ON THE OTHER HAND, ARE OFTEN IRREVERSIBLE AND ARE CHARACTERIZED BY THE FORMATION OF NEW
CHEMICAL BONDS AND THE CREATION OF NEW SUBSTANCES. W/ HEN IRON RUSTS, FOR EXAMPLE, IT REACTS WITH OXYGEN TO
FORM IRON OXIDE, A COMPLETELY DIFFERENT COMPOUND WITH DISTINCT PROPERTIES. BURNING WOOD IS ANOTHER CLASSIC
CHEMICAL CHANGE; THE WOOD IS TRANSFORMED INTO ASH, SMOKE, AND GASES, NONE OF WHICH ARE CHEMICALLY IDENTICAL TO
THE ORIGINAL WOOD. THESE TRANSFORMATIONS INVOLVE ENERGY EXCHANGES, SUCH AS THE RELEASE OF HEAT AND LIGHT
DURING COMBUSTION, AND RESULT IN A NEW CHEMICAL EQUILIBRIUM.



THe NATURE OF GLASS AND ITS PROPERTIES

GLASS, IN ITS COMMON FORM (LIKE WINDOW PANES OR DRINKING GLASSES), IS PRIMARILY AN AMORPHOUS SOLID. THIS MEANS
ITS ATOMS ARE NOT ARRANGED IN A REGULAR, REPEATING CRYSTALLINE LATTICE STRUCTURE LIKE THOSE FOUND IN MOST
SOLIDS. INSTEAD, THE ATOMS ARE DISORDERED, SIMILAR TO THE ARRANGEMENT IN A LIQUID, BUT THEY ARE HELD IN FIXED
POSITIONS. THE MOST COMMON TYPE OF GLASS IS SODA-LIME GLASS, WHICH IS MAINLY COMPOSED OF SILICON DIOXIDE (S10,),
sobiumM oxIpe (NA,O), AND cALcIUM oxIDE (CAO).

AMORPHOUS STRUCTURE AND BONDING

THE AMORPHOUS NATURE OF GLASS ARISES FROM THE COOLING PROCESS OF ITS MOLTEN STATE. AS IT COOLS, THE VISCOSITY
INCREASES RAPIDLY, TRAPPING THE ATOMS IN A DISORDERED ARRANGEMENT BEFORE THEY CAN ARRANGE THEMSELVES INTO AN
ORDERED CRYSTALLINE STRUCTURE. THE SILICON ATOMS ARE BONDED TO OXYGEN ATOMS IN A NETWORK, FORMING STRONG
COVALENT BONDS. HO\X/EVER, THE PRESENCE OF SODIUM AND CALCIUM IONS DISRUPTS THIS PERFECT NETWORK, INTRODUCING
SOME IONIC CHARACTER TO THE BONDS AND MAKING THE GLASS LESS RIGID THAN PURE SILICON DIOXIDE. THIS SPECIFIC BONDING
STRUCTURE IS CRUCIAL FOR UNDERSTANDING ITS BEHAVIOR WHEN SUBJECTED TO FORCE.

MEeCHANICAL PROPERTIES OF GLASS

GLASS IS KNOWN FOR ITS HARDNESS AND BRITTLENESS. | TS HARDNESS MEANS IT RESISTS SCRATCHING AND ABRASION. HO\X/EVER,
ITS BRITTLENESS IMPLIES THAT IT HAS LOW TENSILE STRENGTH AND CAN FRACTURE EASILY WHEN SUBJECTED TO STRESS,
ESPECIALLY SUDDEN IMPACTS OR BENDING. THIS BRITTLENESS IS A DIRECT CONSEQUENCE OF ITS AMORPHOUS STRUCTURE AND
THE NATURE OF THE CHEMICAL BONDS WITHIN IT. WHILE STRONG, THESE BONDS CAN PROPAGATE CRACKS RAPIDLY ONCE
INITIATED.

BREAKING GLASS: A PHYSICAL TRANSFORMATION

\WHEN GLASS BREAKS, IT UNDERGOES A PHYSICAL CHANGE, NOT A CHEMICAL ONE. THE ACT OF BREAKING DIVIDES THE SOLID
GLASS INTO SMALLER PIECES. THE CHEMICAL COMPOSITION OF THE GLASS REMAINS UNCHANGED; THE SILICON, OXYGEN, SODIUM,
AND CALCIUM ATOMS ARE STILL BONDED TOGETHER IN THE SAME WAY AS THEY WERE IN THE ORIGINAL PIECE. NO NEW CHEMICAL
SUBSTANCES ARE FORMED.

THe PRoCESS OF FRACTURE

BREAKING GLASS IS INITIATED BY THE APPLICATION OF A FORCE THAT EXCEEDS THE MATERIAL'S TENSILE STRENGTH. THIS FORCE
CAN BE A SHARP IMPACT, A SUDDEN TEMPERATURE SHOCK, OR EVEN INTERNAL STRESSES. W/HEN THE STRESS BECOMES TOO
GREAT, MICROSCOPIC FLAWS OR CRACKS ON THE SURFACE OF THE GLASS BEGIN TO PROPAGATE. THESE CRACKS SPREAD RAPIDLY
THROUGH THE AMORPHOUS STRUCTURE, CLEAVING THE MATERIAL ALONG THESE PATHS OF WEAKNESS. THE ENERGY FROM THE
APPLIED FORCE IS USED TO OVERCOME THE ATTRACTIVE FORCES BETWEEN THE ATOMS AND MOLECULES, ESSENTIALLY CREATING
NEW SURFACES, BUT THE ATOMS THEMSELVES ARE NOT REARRANGED INTO DIFFERENT CHEMICAL ENTITIES.

ABSENCE OF NEW SUBSTANCE FORMATION

CRUCIALLY/ IN THE PROCESS OF BREAKING GLASS, THERE IS NO CHEMICAL REACTION OCCURRING. THE BONDS THAT HOLD THE
SILICON, OXYGEN, AND OTHER ATOMS TOGETHER ARE NOT BROKEN AND REFORMED IN A WAY THAT CREATES NEW TYPES OF



MOLECULES. THE SHARP EDGES OF THE BROKEN GLASS FRAGMENTS ARE SIMPLY SURFACES WHERE THE ORIGINAL ATOMIC
STRUCTURE HAS BEEN DISRUPTED AND EXPOSED. IF ONE WERE TO COLLECT ALL THE PIECES OF BROKEN GLASS, THEY WOULD
STILL BE GLASS, JUST IN A FRAGMENTED FORM.

FACTORS INFLUENCING GLASS FRACTURE

\W/HILE BREAKING GLASS IS A PHYSICAL CHANGE, THE MANNER AND EASE WITH WHICH IT BREAKS ARE INFLUENCED BY SEVERAL
FACTORS. THESE FACTORS CAN EXACERBATE OR MITIGATE THE STRESS APPLIED TO THE GLASS, ULTIMATELY LEADING TO
FRACTURE. UNDERSTANDING THESE INFLUENCES HELPS TO REINFORCE WHY THE UNDERLYING CHANGE REMAINS PHYSICAL.

SURFACE FLAWS AND STRESS CONCENTRATION

GLASS IS HIGHLY SUSCEPTIBLE TO SURFACE FLAWS, SUCH AS TINY SCRATCHES OR IMPERFECTIONS THAT ARE ALMOST ALWAYS
PRESENT. THESE FLAWS ACT AS STRESS CONCENTRATORS. W/HEN A FORCE IS APPLIED TO THE GLASS, THE STRESS IS AMPLIFIED
AT THE TIPS OF THESE FLAWS, MAKING THEM THE WEAKEST POINTS. THIS IS WHY A SMALL CHIP CAN LEAD TO THE SHATTERING

OF AN ENTIRE PANE.

TyPe oF FORCE APPLIED

THE TYPE OF FORCE APPLIED SIGNIFICANTLY IMPACTS HOW GLASS BREAKS. A SUDDEN, SHARP IMPACT (LIKE A HAMMER BLO\X/)
IMPARTS A LARGE AMOUNT OF ENERGY QUICKLY, LEADING TO RAPID CRACK PROPAGATION AND OFTEN A SPECTACULAR
SHATTERING EFFECT. A SLOWER, MORE SUSTAINED FORCE, SUCH AS BENDING, CAN ALSO CAUSE FRACTURE BUT MAY RESULT IN
LARGER, CLEANER BREAKS DEPENDING ON THE STRESS DISTRIBUTION. THERMAL SHOCK, WHERE RAPID TEMPERATURE CHANGES
OCCUR, CREATES INTERNAL STRESSES DUE TO UNEVEN EXPANSION OR CONTRACTION, WHICH CAN ALSO LEAD TO BREAKAGE.

CoMPOSITION AND STRUCTURE oF GLASS

W/HILE ALL COMMON GLASSES BREAK PHYSICALLY, THEIR SPECIFIC COMPOSITIONS AND MANUFACTURING PROCESSES CAN
INFLUENCE THEIR STRENGTH AND FRACTURE PATTERNS. FOR EXAMPLE, TEMPERED GLASS IS HEAT-TREATED TO CREATE INTERNAL
COMPRESSIVE STRESSES ON ITS SURFACE, MAKING IT MUCH STRONGER AND SAFER, AS IT BREAKS INTO SMALL, BLUNT PIECES
RATHER THAN SHARP SHARDS. BOROSILICATE GLASS, USED IN LABORATORY EQUIPMENT, HAS DIFFERENT THERMAL EXPANSION
PROPERTIES THAT MAKE IT MORE RESISTANT TO THERMAL SHOCK. HO\X/EVER, EVEN WITH THESE VARIATIONS, THE FUNDAMENTAL
PROCESS OF FRACTURE REMAINS A PHYSICAL ONE.

DISTINGUISHING BETWEEN CHEMICAL AND PHYSICAL CHANGES IN EVERYDAY
LiFe

THE ABILITY TO DIFFERENTIATE BETWEEN CHEMICAL AND PHYSICAL CHANGES IS A CORNERSTONE OF SCIENTIFIC LITERACY.
APPLYING THIS UNDERSTANDING TO EVERYDAY PHENOMENA, LIKE BREAKING GLASS, SOLIDIFIES THE CONCEPT. MANY EVERYDAY
EVENTS INVOLVE ONE OR BOTH TYPES OF CHANGE, AND RECOGNIZING THE DIFFERENCE ALLOWS FOR A DEEPER APPRECIATION OF
THE TRANSFORMATIONS OCCURRING AROUND US.



ExAMPLES OF PHYsICAL CHANGES

BEYOND BREAKING GLASS, NUMEROUS COMMON EXAMPLES ILLUSTRATE PHYSICAL CHANGES.

® DISSOLVING SUGAR IN WATER.

e MELTING BUTTER ON A HOT PAN.

e CHOPPING VEGETABLES FOR A SALAD.
® BOILING WATER TO MAKE STEAM.

o CRUSHING A CAN.

IN EACH OF THESE SCENARIOS, THE MATERIAL'S IDENTITY REMAINS THE SAME, EVEN THOUGH ITS FORM OR STATE MAY HAVE
ALTERED.

ExAMPLES oF CHEMICAL CHANGES

CHEMICAL CHANGES ARE EQUALLY PREVALENT AND OFTEN INVOLVE MORE SIGNIFICANT TRANSFORMATIONS.

® BAKING A CAKE, WHERE INGREDIENTS REACT TO FORM NEW COMPOUNDS.

® DIGESTING FOOD, WHERE COMPLEX MOLECULES ARE BROKEN DOWN INTO SIMPLER ONES.
® BURNING FUEL FOR ENERGY.

® FRYING AN EGG, WHERE PROTEINS DENATURE AND CHANGE THEIR STRUCTURE.

L4 FERMENTATION, LIKE IN MAKING BREAD OR ALCOHOLIC BEVERAGES.

THESE PROCESSES INVOLVE THE CREATION OF ENTIRELY NEW SUBSTANCES WITH DIFFERENT PROPERTIES.

THE ENDURING STATE oF GLASS AFTER BREAKING

THE ULTIMATE CONFIRMATION THAT BREAKING GLASS IS A PHYSICAL CHANGE LIES IN THE FACT THAT THE RESULTING FRAGMENTS
ARE STILL GLASS. |F ONE WERE TO METICULOUSLY REASSEMBLE THE BROKEN PIECES, THE ORIGINAL OBJECT WOULD BE RESTORED,
ALBEIT WITH VISIBLE SEAMS. THIS REVERSIBILITY, OR AT LEAST THE POTENTIAL FOR RESTORATION OF THE ORIGINAL MATERIAL
IDENTITY, IS A HALLMARK OF PHYSICAL CHANGES. THE CHEMICAL BONDS WITHIN THE GLASS REMAIN INTACT, MERELY REARRANGED
TO FORM NEW SURFACES.

RECYCLING AND REUSE OF BROKEN GLASS

THE ABILITY TO RECYCLE AND REUSE BROKEN GLASS IS A PRACTICAL TESTAMENT TO ITS UNCHANGED CHEMICAL NATURE.
CRUSHED GLASS, KNOWN AS CULLET, IS MELTED DOWN AND REFORMED INTO NEW GLASS PRODUCTS. THIS PROCESS IS
ECONOMICALLY AND ENVIRONMENTALLY BENEFICIAL BECAUSE IT REQUIRES LESS ENERGY THAN PRODUCING GLASS FROM RAW
MATERIALS. THE CHEMICAL INERTNESS AND STABILITY OF GLASS, EVEN WHEN BROKEN, ALLOW FOR THIS EFFICIENT CYCLE,
REINFORCING ITS CLASSIFICATION AS A SUBSTANCE THAT HAS UNDERGONE A PHYSICAL ALTERATION.



IMPLICATIONS FOR MATERIAL SCIENCE

UNDERSTANDING THE PHYSICAL NATURE OF GLASS FRACTURE IS CRITICAL IN MATERIAL SCIENCE AND ENGINEERING. DESIGNERS AND
MANUFACTURERS MUST ACCOUNT FOR THE BRITTLENESS OF GLASS AND THE ROLE OF FLAWS IN ITS FAILURE. DESIGNING WITH
GLASS OFTEN INVOLVES MITIGATING STRESS CONCENTRATIONS, EMPLOYING PROTECTIVE COATINGS, OR SELECTING APPROPRIATE
TYPES OF GLASS FOR SPECIFIC APPLICATIONS. THE FOCUS REMAINS ON CONTROLLING THE PHYSICAL FORCES AND STRUCTURAL
INTEGRITY OF THE MATERIAL RATHER THAN ALTERING ITS FUNDAMENTAL CHEMICAL COMPOSITION.

FAQ

QZ IS BREAKING GLASS A REVERSIBLE PROCESS IN TERMS OF ITS CHEMICAL COMPOSITION?

A: YES/ BREAKING GLASS IS A PHYSICAL CHANGE, AND ITS CHEMICAL COMPOSITION REMAINS ENTIRELY UNCHANGED. THE ORIGINAL
GLASS MATERIAL IS MERELY DIVIDED INTO SMALLER PIECES. IF THE PIECES ARE REASSEMBLED, THE ORIGINAL CHEMICAL STATE IS
RESTORED.

Q: WHAT IS THE PRIMARY REASON BREAKING GLASS IS CONSIDERED A PHYSICAL
CHANGE?

A: BREAKING GLASS IS CONSIDERED A PHYSICAL CHANGE BECAUSE THE MOLECULAR STRUCTURE OF THE GLASS ITSELF DOES NOT
ALTER. NO NEW CHEMICAL SUBSTANCES ARE FORMED; ONLY THE PHYSICAL FORM OF THE MATERIAL IS CHANGED, RESULTING IN
SMALLER FRAGMENTS.

QZ ARE THERE ANY CHEMICAL REACTIONS INVOLVED WHEN GLASS SHATTERS?

A: NO, THERE ARE NO CHEMICAL REACTIONS INVOLVED WHEN GLASS SHATTERS. THE ENERGY APPLIED TO BREAK THE GLASS IS
USED TO OVERCOME THE INTERMOLECULAR FORCES HOLDING THE ATOMS TOGETHER IN THE AMORPHOUS STRUCTURE, CREATING
NEW SURFACES, BUT NOT FORMING NEW CHEMICAL BONDS OR SUBSTANCES.

Q: How DOES THE AMORPHOUS STRUCTURE OF GLASS CONTRIBUTE TO ITS BREAKING
AS A PHYSICAL CHANGE?

A: THE AMORPHOUS STRUCTURE, WITH ITS DISORDERED ATOMIC ARRANGEMENT AND STRONG COVALENT BONDS, MEANS THAT
WHEN STRESS IS APPLIED, CRACKS CAN PROPAGATE RELATIVELY EASILY ALONG PATHS OF \WEAKNESS. THIS FRACTURE PROCESS
DIVIDES THE MATERIAL WITHOUT ALTERING THE FUNDAMENTAL CHEMICAL BONDS BETWEEN ATOMS, THUS MAINTAINING ITS
PHYSICAL NATURE.

Q: IF | MELT BROKEN GLASS AND POUR IT INTO A NEW MOLD, IS THAT STILL A PHYSICAL
CHANGE?P

A: YES/ MELTING GLASS AND REFORMING IT IS ALSO A PHYSICAL CHANGE. THE HIGH TEMPERATURES USED TO MELT GLASS CAUSE
ITS ATOMS TO GAIN ENOUGH ENERGY TO MOVE PAST EACH OTHER, TRANSITIONING FROM A SOLID TO A LIQUID STATE.
HO\X/EVER, THE CHEMICAL BONDS REMAIN THE SAME, AND UPON COOLING, IT SOLIDIFIES BACK INTO GLASS WITH ITS ORIGINAL
CHEMICAL COMPOSITION.

Q: WHAT IF GLASS IS EXPOSED TO EXTREME HEAT AND DECOMPOSES? W/ OULD THAT BE



A CHEMICAL CHANGE?

A: YESI IF GLASS IS EXPOSED TO EXTREMELY HIGH TEMPERATURES BEYOND ITS MELTING POINT, OR SUBJECTED TO CONDITIONS
THAT CAUSE IT TO REACT WITH OTHER SUBSTANCES (LIKE STRONG ACIDS OR BASES), IT COULD UNDERGO CHEMICAL CHANGES
OR DECOMPOSITION. HO\X/EVER, THE COMMON ACT OF BREAKING GLASS DOES NOT INVOLVE THESE PROCESSES.
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