COVALENT BONDING IN ORGANIC CHEMISTRY

COVALENT BONDING IN ORGANIC CHEMISTRY IS THE FUNDAMENTAL FORCE THAT SHAPES THE VAST AND DIVERSE WORLD OF
CARBON-BASED MOLECULES. UNDERSTANDING HOW ATOMS SHARE ELECTRONS TO FORM THESE BONDS IS ABSOLUTELY CRUCIAL
FOR GRASPING THE STRUCTURE, PROPERTIES, AND REACTIVITY OF EVERYTHING FROM SIMPLE HYDROCARBONS TO COMPLEX
BIOMOLECULES. THIS ARTICLE WILL DELVE DEEP INTO THE NATURE OF COVALENT BONDS, EXPLORING THEIR FORMATION, TYPES,
AND THE IMPLICATIONS THEY HAVE ON MOLECULAR GEOMETRY AND POLARITY. WE WILL ALSO EXAMINE THE VARIOUS WAYS
COVALENT BONDS INFLUENCE THE CHEMICAL BEHAVIOR OF ORGANIC COMPOUNDS, PROVIDING A COMPREHENSIVE OVERVIEW FOR
STUDENTS AND ENTHUSIASTS ALIKE.
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WHAT IS COVALENT BONDING?

ATITS CORE, COVALENT BONDING IN ORGANIC CHEMISTRY IS A TYPE OF CHEMICAL BOND CHARACTERIZED BY THE SHARING OF
ELECTRON PAIRS BETWEEN ATOMS. THIS SHARING ALLOWS EACH ATOM TO ACHIEVE A MORE STABLE ELECTRON CONFIGURATION,
TYPICALLY RESEMBLING THAT OF A NOBLE GAS. UNLIKE IONIC BONDS, WHERE ELECTRONS ARE COMPLETELY TRANSFERRED FROM
ONE ATOM TO ANOTHER, COVALENT BONDS INVOLVE A MUTUAL CONTRIBUTION AND SHARING OF ELECTRONS. THis
FUNDAMENTAL INTERACTION IS THE CORNERSTONE OF ORGANIC CHEMISTRY, AS IT EXPLAINS THE EXISTENCE AND DIVERSITY OF
CARBON COMPOUNDS, WHICH FORM THE BASIS OF ALL KNOWN LIFE.

IMAGINE ATOMS AS INDIVIDUALS WHO NEED A CERTAIN NUMBER OF “FRIENDS” (ELECTRONS) TO FEEL COMPLETE AND STABLE.
W/HEN TWO ATOMS NEED MORE FRIENDS, THEY CAN DECIDE TO “SHARE” SOME OF THEIR EXISTING FRIENDS. THIS SHARING, RATHER
THAN ONE ATOM GIVING ALL ITS FRIENDS AWAY, IS WHAT DEFINES A COVALENT BOND. IN ORGANIC CHEMISTRY, CARBON IS THE
STAR PLAYER, AND ITS ABILITY TO FORM FOUR STABLE COVALENT BONDS WITH ITSELF AND OTHER ELEMENTS IS WHAT MAKES IT
SO INCREDIBLY VERSATILE.

THe NATURE OF ELECTRON SHARING

THE DRIVING FORCE BEHIND COVALENT BOND FORMATION IS THE DESIRE OF ATOMS TO ACHIEVE A STABLE OCTET, MEANING THEY
HAVE EIGHT ELECTRONS IN THEIR OUTERMOST ELECTRON SHELL. W/HEN ATOMS WITH SIMILAR ELECTRONEGATIVITY COME
TOGETHER, NEITHER ATOM HAS A STRONG ENOUGH PULL TO COMPLETELY STRIP ELECTRONS FROM THE OTHER. |NSTEAD, THEY
COMPROMISE BY SHARING THEIR VALENCE ELECTRONS. THESE SHARED ELECTRONS ORBIT BOTH ATOMIC NUCLEI, EFFECTIVELY
BELONGING TO BOTH ATOMS AND THUS HOLDING THEM TOGETHER.

THE STRENGTH OF A COVALENT BOND IS DETERMINED BY SEVERAL FACTORS, INCLUDING THE NUMBER OF SHARED ELECTRON PAIRS
AND THE DISTANCE BETWEEN THE ATOMIC NUCLEI. GENERALLY/ A GREATER NUMBER OF SHARED ELECTRON PAIRS LEADS TO A



STRONGER AND SHORTER BOND. THIS INTERPLAY OF FORCES IS WHAT GIVES MOLECULES THEIR UNIQUE STRUCTURES AND
STABILITIES. THE ELECTRON CLOUD DENSITY IS HIGHEST BETWEEN THE TWO BONDED NUCLEI, CREATING A REGION OF STRONG
ATTRACTION THAT OVERCOMES THE REPULSION BETWEEN THE POSITIVELY CHARGED NUCLEI.

ELECTRONEGATIVITY AND BOND POLARITY

ELECTRONEGATIVITY IS A MEASURE OF AN ATOM'S ABILITY TO ATTRACT SHARED ELECTRONS IN A COVALENT BOND. THE
DIFFERENCE IN ELECTRONEGATIVITY BETWEEN T\WO BONDED ATOMS PLAYS A CRUCIAL ROLE IN DETERMINING THE POLARITY OF THE
BOND. |F THE ELECTRONEGATIVITY DIFFERENCE IS VERY SMALL OR ZERO, THE ELECTRONS ARE SHARED EQUALLY, RESULTING IN A
NONPOLAR COVALENT BOND. |F THERE IS A SIGNIFICANT DIFFERENCE, THE MORE ELECTRONEGATIVE ATOM WILL PULL THE SHARED
ELECTRONS CLOSER TO ITSELF, CREATING A PARTIAL NEGATIVE CHARGE ON THAT ATOM AND A PARTIAL POSITIVE CHARGE ON
THE LESS ELECTRONEGATIVE ATOM. THIS IS KNOWN AS A POLAR COVALENT BOND.

CONSIDER THE BOND BETWEEN CARBON AND HYDROGEN. CARBON HAS AN ELECTRONEGATIVITY OF ABOUT 2.55, AND HYDROGEN
HAS AN ELECTRONEGATIVITY OF ABOUT 2.20. THE DIFFERENCE IS SMALL (0.35), SO THE C-H BOND IS GENERALLY CONSIDERED
NONPOLAR. NOW, THINK ABOUT A CARBON-OXYGEN BOND. OXYGEN HAS AN ELECTRONEGATIVITY OF ABOUT 3.44. THE
DIFFERENCE BETWEEN CARBON AND OXYGEN (3.44 - 2.55 = 0.89) Is SUBSTANTIAL, MAKING THE C-O BOND HIGHLY POLAR,
WITH OXYGEN BEARING A PARTIAL NEGATIVE CHARGE AND CARBON A PARTIAL POSITIVE CHARGE.

TypPes oF CoVALENT BonDs IN ORGANIC CHEMISTRY

ORGANIC MOLECULES EXHIBIT SEVERAL TYPES OF COVALENT BONDS, DISTINGUISHED BY THE NUMBER OF ELECTRON PAIRS SHARED
BETWEEN ATOMS. THE NUMBER OF SHARED PAIRS DIRECTLY IMPACTS THE BOND LENGTH, STRENGTH, AND THE OVERALL
ELECTRONIC ENVIRONMENT OF THE MOLECULE. UNDERSTANDING THESE DIFFERENT TYPES IS ESSENTIAL FOR PREDICTING MOLECULAR
BEHAVIOR AND REACTIVITY.

SINGLE COVALENT BonDps

A SINGLE COVALENT BOND IS FORMED WHEN TWO ATOMS SHARE ONE PAIR OF ELECTRONS. THIS IS THE MOST COMMON TYPE OF
COVALENT BOND FOUND IN ORGANIC MOLECULES. EACH ATOM CONTRIBUTES ONE ELECTRON TO THE SHARED PAIR. SINGLE BONDS
ARE FLEXIBLE, ALLOWING FOR ROTATION AROUND THE BOND AXIS, WHICH IS CRUCIAL FOR THE THREE-DIMENSIONAL STRUCTURE
AND CONFORMATIONAL CHANGES OF ORGANIC MOLECULES. FOR EXAMPLE, IN ETHANE (CQHC)), EACH CARBON-CARBON BOND AND
EACH CARBON-HYDROGEN BOND IS A SINGLE COVALENT BOND.

THESE SINGLE BONDS, OFTEN REFERRED TO AS SIGMA (Z) BONDS, ARE FORMED BY THE DIRECT OVERLAP OF ATOMIC ORBITALS
ALONG THE INTERNUCLEAR AXIS. THEY ARE THE BACKBONE OF MOST ORGANIC STRUCTURES, PROVIDING THE FRAMEW ORK UPON
WHICH MORE COMPLEX ARRANGEMENTS ARE BUILT. THE RELATIVE FREEDOM OF ROTATION AROUND A SINGLE BOND ALLOWS
MOLECULES TO ADOPT VARIOUS SHAPES, INFLUENCING HOW THEY INTERACT WITH OTHER MOLECULES, A CONCEPT VITAL IN
AREAS LIKE ENZYME-SUBSTRATE BINDING.

DousLe CoVALENT BonDs

A DOUBLE COVALENT BOND IS FORMED WHEN TWO ATOMS SHARE TWO PAIRS OF ELECTRONS, TOTALING FOUR SHARED
ELECTRONS. THIS TYPE OF BOND IS PREVALENT IN UNSATURATED ORGANIC COMPOUNDS, SUCH AS ALKENES. A DOUBLE BOND
CONSISTS OF ONE SIGMA (Z) BOND AND ONE PI (I'I) BOND. THE PI BOND IS FORMED BY THE LATERAL OVERLAP OF P ORBITALS
ABOVE AND BELOW THE INTERNUCLEAR AXIS. DOUBLE BONDS ARE STRONGER AND SHORTER THAN SINGLE BONDS, AND THEY
RESTRICT ROTATION AROUND THE BOND AXIS, LEADING TO PLANAR GEOMETRIES AROUND THE BONDED ATOMS.



THINK OF A DOUBLE BOND AS BEING STRONGER AND MORE RIGID THAN A SINGLE BOND. IF A SINGLE BOND IS LIKE A SINGLE ROPE
HOLDING TWO THINGS TOGETHER, A DOUBLE BOND IS LIKE TWO ROPES. THIS INCREASED STRENGTH AND RIGIDITY MEANS THAT
REACTIONS THAT BREAK DOUBLE BONDS, SUCH AS ADDITION REACTIONS, OFTEN REQUIRE MORE ENERGY. EXAMPLES INCLUDE
ETHENE (C 2H4), \WHERE THE CARBON-CARBON BOND IS A DOUBLE BOND, AND MANY FUNCTIONAL GROUPS LIKE CARBONYLS
(C=0).

TriPLE COVALENT BoNDS

A TRIPLE COVALENT BOND INVOLVES THE SHARING OF THREE PAIRS OF ELECTRONS BETWEEN TWO ATOMS, RESULTING IN SIX
SHARED ELECTRONS. THIS TYPE OF BOND IS LESS COMMON IN TYPICAL ORGANIC MOLECULES BUT IS FOUND IN COMPOUNDS LIKE
ALKYNES AND NITRILES. A TRIPLE BOND CONSISTS OF ONE SIGMA (Z) BOND AND TWO PI (I'I) BONDS. TRIPLE BONDS ARE THE
SHORTEST AND STRONGEST TYPE OF COVALENT BOND, AND THEY LEAD TO A LINEAR GEOMETRY AROUND THE BONDED ATOMS.

TRIPLE BONDS ARE EVEN MORE RIGID AND ELECTRON-RICH THAN DOUBLE BONDS. THE PRESENCE OF A TRIPLE BOND SIGNIFICANTLY
INFLUENCES THE REACTIVITY OF A MOLECULE, OFTEN MAKING IT SUSCEPTIBLE TO ADDITION REACTIONS WHERE THE PI BONDS ARE
BROKEN. ACETYLENE (CQHQ), WITH ITS CARBON-CARBON TRIPLE BOND, IS A CLASSIC EXAMPLE. THE LINEAR ARRANGEMENT
AROUND A TRIPLE BOND IS A DIRECT CONSEQUENCE OF THE ORBITAL OVERLAPS REQUIRED TO FORM THESE MULTIPLE BONDS.

HyBRIDIZATION AND MOLECULAR GEOMETRY

THE CONCEPT OF ATOMIC ORBITAL HYBRIDIZATION IS CRUCIAL FOR UNDERSTANDING THE THREE-DIMENSIONAL SHAPES OF ORGANIC
MOLECULES AND HOW COVALENT BONDS ARE FORMED. HYBRIDIZATION INVOLVES THE MIXING OF ATOMIC ORBITALS TO FORM
NEW HYBRID ORBITALS WITH DIFFERENT SHAPES AND ENERGIES. THESE HYBRID ORBITALS ARE BETTER SUITED FOR FORMING
STRONGER AND MORE STABLE COVALENT BONDS AND FOR EXPLAINING THE OBSERVED MOLECULAR GEOMETRIES, WHICH ARE NOT
ALWAYS PREDICTED BY SIMPLE VALENCE BOND THEORY.

V ALENCE BOND THEORY TELLS US THAT ATOMS FORM BONDS BY SHARING ELECTRONS IN THEIR ATOMIC ORBITALS. HO\X/EVER,
THIS DOESN'T ALWAYS EXPLAIN THE OBSERVED BOND ANGLES AND MOLECULAR SHAPES. HYBRIDIZATION THEORY PROPOSES
THAT ATOMIC ORBITALS (LIKE S AND P ORBITALS) ON AN ATOM CAN “MIX” TO FORM NEW , EQUIVALENT HYBRID ORBITALS.
THESE HYBRID ORBITALS THEN ARRANGE THEMSELVES IN SPACE TO MINIMIZE ELECTRON-ELECTRON REPULSION, LEADING TO
SPECIFIC MOLECULAR GEOMETRIES.

sP3 HYBRIDIZATION

W/HEN AN ATOM, SUCH AS CARBON, FORMS FOUR SINGLE COVALENT BONDS, IT UNDERGOES SP3 HYBRIDIZATION. IN THIS
PROCESS, ONE S ATOMIC ORBITAL MIXES WITH THREE P ATOMIC ORBITALS TO FORM FOUR EQUIVALENT SP3 HYBRID ORBITALS.
THESE SP3 ORBITALS ARE ORIENTED TETRAHEDRALLY AROUND THE CENTRAL ATOM, WITH BOND ANGLES OF APPROXIMATELY
109.5 DEGREES. THIS HYBRIDIZATION IS CHARACTERISTIC OF SATURATED HYDROCARBONS (ALKANES) AND THEIR DERIVATIVES.

THINK OF SP3 HYBRIDIZATION AS CREATING FOUR “ARMS” OF EQUAL STRENGTH, ARRANGED TO POINT AS FAR AWAY FROM EACH
OTHER AS POSSIBLE. THIS TETRAHEDRAL ARRANGEMENT IS WHAT GIVES MOLECULES LIKE METHANE (CH4) THEIR CHARACTERISTIC
SHAPE. W/HEN CARBON IS SP3 HYBRIDIZED, IT FORMS FOUR SIGMA BONDS, AND THERE ARE NO UNHYBRIDIZED P ORBITALS LEFT TO
FORM P BONDS. THIS RESULTS IN THE FLEXIBILITY AND SINGLE-BOND NATURE OF THE MOLECULES.

spP2 HYBRIDIZATION

W/HEN AN ATOM FORMS A DOUBLE BOND AND TWO SINGLE BONDS, IT UNDERGOES SP2 HYBRIDIZATION. IN THIS CASE, ONE S



ATOMIC ORBITAL MIXES WITH TWO P ATOMIC ORBITALS TO FORM THREE EQUIVALENT SP2 HYBRID ORBITALS. THESE SP2
ORBITALS LIE IN A PLANE AND ARE ORIENTED AT APPROXIMATELY 12(0-DEGREE ANGLES TO EACH OTHER, FORMING A TRIGONAL
PLANAR GEOMETRY. THE REMAINING UNHYBRIDIZED P ORBITAL IS PERPENDICULAR TO THIS PLANE AND IS INVOLVED IN FORMING THE
Pl BOND OF THE DOUBLE BOND.

WITH sP2 HYBRIDIZATION, THE ATOM EFFECTIVELY HAS THREE “ARMS” IN A FLAT, TRIANGULAR ARRANGEMENT. THE FOURTH
“HAND” IS A P ORBITAL STICKING STRAIGHT UP OR DOWN, READY TO FORM A PI BOND. THIS GEOMETRY IS SEEN IN ALKENES,
WHERE THE CARBON ATOMS INVOLVED IN THE DOUBLE BOND ARE SP2 HYBRIDIZED. THE RESTRICTED ROTATION AROUND THE
DOUBLE BOND, DUE TO THE PRESENCE OF THE PI BOND, IS A DIRECT CONSEQUENCE OF THIS HYBRIDIZATION.

sp HYBRIDIZATION

W/HEN AN ATOM FORMS A TRIPLE BOND OR TWO DOUBLE BONDS, IT UNDERGOES SP HYBRIDIZATION. HERE, ONE S ATOMIC ORBITAL
MIXES WITH ONE P ATOMIC ORBITAL TO FORM TWO EQUIVALENT SP HYBRID ORBITALS. THESE SP ORBITALS ARE ORIENTED
LINEARLY, WITH AN ANGLE OF 180 DEGREES BETWEEN THEM. THE REMAINING TWO UNHYBRIDIZED P ORBITALS ARE PERPENDICULAR
TO EACH OTHER AND TO THE SP HYBRID ORBITALS, AND THEY ARE INVOLVED IN FORMING THE TWO PI BONDS OF A TRIPLE BOND
OR THE TWO PI BONDS OF TWO DOUBLE BONDS.

SP HYBRIDIZATION IS LIKE HAVING TWO “ARMS” POINTING IN OPPOSITE DIRECTIONS, FORMING A STRAIGHT LINE. THE REMAINING
TWO P ORBITALS ARE ORIENTED AT RIGHT ANGLES TO EACH OTHER, READY TO FORM PI BONDS. THIS IS THE HYBRIDIZATION SEEN
IN ALKYNES, WHERE THE CARBON ATOMS INVOLVED IN THE TRIPLE BOND ARE SP HYBRIDIZED AND THE MOLECULE IS LINEAR. IT's
ALSO OBSERVED IN MOLECULES LIKE CARBON DIOXIDE (COQ), \WHERE THE CENTRAL CARBON IS SP HYBRIDIZED.

RESONANCE AND DELOCALIZED ELECTRONS

RESONANCE IS A CONCEPT USED IN VALENCE BOND THEORY TO DESCRIBE THE DELOCALIZATION OF ELECTRONS IN MOLECULES
WHERE A SINGLE LEWIS STRUCTURE CANNOT ADEQUATELY REPRESENT THE BONDING. W/HEN A MOLECULE EXHIBITS RESONANCE,
ITS ACTUAL STRUCTURE IS A HYBRID OF TWO OR MORE CONTRIBUTING LEWIS STRUCTURES, KNOWN AS RESONANCE
STRUCTURES. THE ELECTRONS INVOLVED IN RESONANCE ARE NOT LOCALIZED BETWEEN TWO SPECIFIC ATOMS BUT ARE SPREAD
OUT OVER SEVERAL ATOMS. THIS DELOCALIZATION OF ELECTRONS LEADS TO INCREASED STABILITY AND CAN SIGNIFICANTLY
INFLUENCE THE REACTIVITY OF THE MOLECULE.

IMAGINE A MOLECULE WHERE ELECTRONS ARE LIKE A GROUP OF FRIENDS WHO CAN'T DECIDE WHICH TWO PEOPLE TO STAND
BETWEEN. SO, THEY SPREAD OUT AND HOVER AROUND A LARGER GROUP. THIS IS RESONANCE. RESONANCE STRUCTURES ARE LIKE
DIFFERENT SNAPSHOTS OF WHERE THE ELECTRONS COULD BE, BUT THE REAL MOLECULE IS A BLEND OF ALL THESE POSSIBILITIES.
THIS ELECTRON SPREADING MAKES THE MOLECULE MORE STABLE. FOR EXAMPLE, THE BENZENE RING (COHG) IS A CLASSIC
EXAMPLE OF RESONANCE, WHERE THE Pl ELECTRONS ARE DELOCALIZED OVER THE ENTIRE RING, MAKING IT EXCEPTIONALLY STABLE.

THE SIGNIFICANCE OF COVALENT BONDING IN ORGANIC REACTIONS

COVALENT BONDS ARE NOT STATIC, THEY ARE CONSTANTLY BEING BROKEN AND FORMED DURING CHEMICAL REACTIONS. THE
STRENGTH AND TYPE OF COVALENT BONDS PRESENT IN A MOLECULE DICTATE ITS REACTIVITY. UNDERSTANDING HOW COVALENT
BONDS BEHAVE DURING REACTIONS IS FUNDAMENTAL TO ORGANIC SYNTHESIS AND UNDERSTANDING BIOLOGICAL PROCESSES.
REACTIONS OFTEN INVOLVE THE BREAKING OF EXISTING COVALENT BONDS AND THE FORMATION OF NEW ONES, LEADING TO THE
TRANSFORMATION OF REACTANTS INTO PRODUCTS.

THE ABILITY OF COVALENT BONDS TO BE SELECTIVELY BROKEN AND REFORMED IS THE VERY ESSENCE OF CHEMICAL REACTIONS. IN
MANY ORGANIC REACTIONS, A NUCLEOPHILE (AN ELECTRON-RICH SPECIES) ATTACKS AN ELECTROPHILE (AN ELECTRON-DEFICIENT
SPECIES), LEADING TO THE FORMATION OF NEW COVALENT BONDS. THE POLARITY OF COVALENT BONDS, AS DISCUSSED EARLIER,



OFTEN DIRECTS THE SITES OF ATTACK. FOR INSTANCE, THE POLAR CARBON-OXYGEN BOND IN A CARBONYL GROUP MAKES THE
CARBON ATOM SUSCEPTIBLE TO NUCLEOPHILIC ATTACK.

FURTHEEMORE, THE PRESENCE OF PI BONDS IN DOUBLE AND TRIPLE COVALENT BONDS MAKES THEM MORE REACTIVE THAN SINGLE
BONDS. THESE Pl ELECTRONS ARE MORE EXPOSED AND LESS TIGHTLY HELD, MAKING THEM READILY AVAILABLE TO REACT WITH
ELECTROPHILES. THIS IS WHY ALKENES AND ALKYNES UNDERGO ADDITION REACTIONS, WHERE THE Pl BOND IS BROKEN AND NEW
SIGMA BONDS ARE FORMED, LEADING TO A MORE SATURATED MOLECULE. THE CONTROLLED BREAKING AND FORMATION OF THESE
BONDS ALLOW CHEMISTS TO DESIGN PATHWAYS TO CREATE COMPLEX ORGANIC MOLECULES.

How CoVALENT BONDING DICTATES MOLECULAR PROPERTIES

THE NATURE OF COVALENT BONDING PROFOUNDLY INFLUENCES THE PHYSICAL AND CHEMICAL PROPERTIES OF ORGANIC
MOLECULES. PROPERTIES SUCH AS MELTING POINT, BOILING POINT, SOLUBILITY, AND ACIDITY ARE ALL INTIMATELY LINKED TO THE
TYPES OF COVALENT BONDS PRESENT, THE OVERALL MOLECULAR STRUCTURE, AND THE POLARITY OF THE MOLECULE. For
INSTANCE, MOLECULES WITH STRONG INTERMOLECULAR FORCES, OFTEN ARISING FROM POLAR COVALENT BONDS, WILL HAVE
HIGHER MELTING AND BOILING POINTS.

CONSIDER SOLUBILITY. “LIKE DISSOLVES LIKE” IS A FUNDAMENTAL RULE. POLAR MOLECULES, WITH THEIR UNEVEN DISTRIBUTION
OF ELECTRON DENSITY DUE TO POLAR COVALENT BONDS, TEND TO DISSOLVE IN POLAR SOLVENTS LIKE WATER. NoNPOLAR
MOLECULES, WITH THEIR BALANCED ELECTRON DISTRIBUTION FROM NONPOLAR COVALENT BONDS, PREFER NONPOLAR SOLVENTS
LIKE HEXANE. THIS DIFFERENCE IN SOLUBILITY IS CRITICAL IN MANY CHEMICAL AND BIOLOGICAL PROCESSES, FROM EXTRACTION
TECHNIQUES TO HOW DRUGS ARE TRANSPORTED IN THE BODY.

THE STRENGTH AND ARRANGEMENT OF COVALENT BONDS ALSO DETERMINE A MOLECULE'S SHAPE. MOLECULAR GEOMETRY,
DICTATED BY HYBRIDIZATION AND VSEPR THEORY/, INFLUENCES HOW MOLECULES PACK TOGETHER IN A SOLID OR LIQUID STATE,
DIRECTLY IMPACTING MELTING AND BOILING POINTS. |T ALSO DICTATES HOW MOLECULES INTERACT WITH EACH OTHER, WHICH IS
CRUCIAL FOR BIOLOGICAL RECOGNITION, SUCH AS HOW ENZYMES BIND TO THEIR SUBSTRATES. ULTIMATELY, THE ELEGANT DANCE
OF ELECTRONS IN COVALENT BONDS IS THE UNDERLYING REASON FOR THE INCREDIBLE DIVERSITY AND FUNCTIONALITY OF ORGANIC
COMPOUNDS.

THE STUDY OF COVALENT BONDING IN ORGANIC CHEMISTRY IS A JOURNEY INTO THE VERY FOUNDATION OF MOLECULAR
EXISTENCE. |T IS THROUGH THE SHARING OF ELECTRONS THAT ATOMS UNITE TO FORM THE INTRICATE STRUCTURES THAT MAKE
UP OUR WORLD, FROM THE SMALLEST ORGANIC MOLECULE TO THE COMPLEX MACROMOLECULES ESSENTIAL FOR LIFE ITSELF. By
GRASPING THESE FUNDAMENTAL PRINCIPLES, WE UNLOCK THE ABILITY TO UNDERSTAND, PREDICT, AND EVEN DESIGN THE BEHAVIOR
OF ORGANIC MATTER.

FAQ

Q: \WHAT IS THE PRIMARY DIFFERENCE BETWEEN COVALENT AND IONIC BONDING?

A: THE PRIMARY DIFFERENCE LIES IN HOW ELECTRONS ARE INVOLVED. IN COVALENT BONDING, ELECTRONS ARE SHARED BETWEEN
ATOMS TO ACHIEVE STABILITY. IN IONIC BONDING, ELECTRONS ARE TRANSFERRED FROM ONE ATOM TO ANOTHER, CREATING
CHARGED IONS THAT ATTRACT EACH OTHER ELECTROSTATICALLY.

Q: \WHY IS CARBON SO ADEPT AT FORMING COVALENT BONDS?

A: CARBON'S ABILITY TO FORM FOUR COVALENT BONDS IS DUE TO ITS ELECTRON CONFIGURATION. T HAS FOUR VALENCE
ELECTRONS, WHICH IT CAN SHARE WITH OTHER ATOMS TO ACHIEVE A STABLE OCTET. FURTHERMORE, CARBON'S SMALL SIZE AND
ABILITY TO FORM STABLE BONDS WITH ITSELF (CATENATION) ALLOWS FOR THE FORMATION OF LONG CHAINS, RINGS, AND
COMPLEX BRANCHED STRUCTURES, LEADING TO THE VAST DIVERSITY OF ORGANIC COMPOUNDS.



Q: WHAT DOES IT MEAN FOR A COVALENT BOND TO BE POLAR?

A: A POLAR COVALENT BOND OCCURS WHEN ELECTRONS ARE SHARED UNEQUALLY BETWEEN TWO ATOMS DUE TO A DIFFERENCE
IN THEIR ELECTRONEGATIVITY. THE MORE ELECTRONEGATIVE ATOM PULLS THE SHARED ELECTRONS CLOSER, GAINING A PARTIAL
NEGATIVE CHARGE, WHILE THE LESS ELECTRONEGATIVE ATOM DEVELOPS A PARTIAL POSITIVE CHARGE. THIS UNEVEN
DISTRIBUTION OF CHARGE CREATES A DIPOLE MOMENT WITHIN THE BOND.

QZ How DOES HYBRIDIZATION AFFECT MOLECULAR GEOMETRY?

A: HYBRIDIZATION DESCRIBES THE MIXING OF ATOMIC ORBITALS TO FORM NEW HYBRID ORBITALS THAT ARE ORIENTED IN SPECIFIC
DIRECTIONS IN SPACE. THESE ORIENTATIONS DICTATE THE ELECTRON-PAIR REPULSION, LEADING TO SPECIFIC MOLECULAR
GEOMETRIES SUCH AS TETRAHEDRAL (SP3), TRIGONAL PLANAR (SP2), AND LINEAR (SP). THESE GEOMETRIES ARE CRUCIAL FOR
UNDERSTANDING MOLECULAR SHAPE AND REACTIVITY.

Q: CAN COVALENT BONDS BE BROKEN?

A: YES, COVALENT BONDS CAN BE BROKEN DURING CHEMICAL REACTIONS. THIS BREAKING CAN OCCUR THROUGH VARIOUS
MECHANISMS, SUCH AS HOMOLYTIC CLEAVAGE (\X/HERE EACH ATOM GETS ONE ELECTRON FROM THE SHARED PAIR, FORMING
RADICALS) OR HETEROLYTIC CLEAVAGE (\X/HERE ONE ATOM TAKES BOTH ELECTRONS, FORMING IONS). THE ENERGY REQUIRED TO
BREAK A COVALENT BOND DEPENDS ON ITS TYPE AND STRENGTH.

Q: WHAT IS THE SIGNIFICANCE OF PI (1) BONDS IN ORGANIC CHEMISTRY?

A: P1 BONDS ARE FORMED BY THE LATERAL OVERLAP OF UNHYBRIDIZED P ORBITALS AND ARE PRESENT IN DOUBLE AND TRIPLE
COVALENT BONDS. THEY ARE TYPICALLY WEAKER AND MORE REACTIVE THAN SIGMA (Z) BONDS. PI BONDS ARE THE SITES OF
MANY ADDITION REACTIONS IN ORGANIC CHEMISTRY, ALLOWING FOR THE ADDITION OF ATOMS OR GROUPS ACROSS THE MULTIPLE
BOND.

QI How DOES RESONANCE CONTRIBUTE TO THE STABILITY OF ORGANIC MOLECULES?

A: RESONANCE OCCURS WHEN ELECTRONS ARE DELOCALIZED OVER MULTIPLE ATOMS, MEANING THEY ARE NOT CONFINED TO A
SINGLE BOND OR LONE PAIR. THIS DELOCALIZATION SPREADS THE ELECTRON DENSITY OVER A LARGER AREA, REDUCING ELECTRON-
ELECTRON REPULSION AND THUS LOWERING THE OVERALL ENERGY OF THE MOLECULE. MOLECULES EXHIBITING RESONANCE ARE
GENERALLY MORE STABLE THAN COMPARABLE MOLECULES WITH LOCALIZED ELECTRONS.
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