INTERMOLECULAR FORCES ANSWER KEY

INTERMOLECULAR FORCES ANSWER KEY: UNDERSTANDING THE FUNDAMENTAL ATTRACTIONS BETWEEN MOLECULES IS CRUCIAL FOR
COMPREHENDING THE PHYSICAL PROPERTIES OF MATTER, FROM BOILING POINTS TO SOLUBILITY. THIS COMPREHENSIVE GUIDE
DELVES DEEP INTO THE VARIOUS TYPES OF INTERMOLECULAR FORCES, PROVIDING CLEAR EXPLANATIONS AND PRACTICAL
EXAMPLES. WE WILL EXPLORE THE FOUNDATIONAL CONCEPTS, DIFFERENTIATE BETWEEN HYDROGEN BONDING, DIPOLE-DIPOLE
INTERACTIONS, AND LONDON DISPERSION FORCES, AND DISCUSS HOW THESE FORCES INFLUENCE MACROSCOPIC BEHAVIORS.
FURTHERMORE, THIS ARTICLE WILL EQUIP YOU WITH THE KNOWLEDGE TO IDENTIFY AND RANK THE STRENGTH OF INTERMOLECULAR
FORCES IN DIFFERENT SUBSTANCES, A KEY SKILL FOR CHEMISTRY STUDENTS AND PROFESSIONALS ALIKE.
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INTRODUCTION TO INTERMOLECULAR FORCES

INTERMOLECULAR FORCES ANSWER KEY: UNRAVELING THE MYSTERIES OF WHY SUBSTANCES BEHAVE THE WAY THEY DO OFTEN
LEADS BACK TO THE SUBTLE YET SIGNIFICANT ATTRACTIONS BETWEEN THEIR CONSTITUENT MOLECULES. THESE FORCES,
DISTINCT FROM THE INTRAMOLECULAR BONDS HOLDING ATOMS TOGETHER WITHIN A MOLECULE, GOVERN A VAST ARRAY OF
PHYSICAL PHENOMENA. UNDERST ANDING INTERMOLECULAR FORCES (|MFS) IS NOT MERELY AN ACADEMIC EXERCISE; IT's
FUNDAMENTAL TO GRASPING CONCEPTS LIKE PHASE CHANGES, SOLUBILITY, AND THE VERY STRUCTURE OF LIQUIDS AND SOLIDS.
THIS ARTICLE AIMS TO PROVIDE A THOROUGH EXPLORATION, OFFERING CLARITY AND DEPTH FOR ANYONE SEEKING TO MASTER
THIS ESSENTIAL AREA OF CHEMISTRY.

WE WILL METICULOUSLY BREAK DOWN THE DIFFERENT TYPES OF |MFS/ STARTING WITH THE STRONGEST AND MOVING TOW ARDS
THE WEAKER ONES, WHILE HIGHLIGHTING THE UNDERLYING PRINCIPLES THAT DICTATE THEIR EXISTENCE AND MAGNITUDE. THE
OBJECTIVE IS TO PRESENT A COMPREHENSIVE RESOURCE THAT SERVES AS AN INVALUABLE ANSWER KEY, CLARIFYING COMPLEX
CONCEPTS AND PROVIDING PRACTICAL INSIGHTS INTO THEIR REAL-\WORLD IMPLICATIONS.

TYPES OF INTERMOLECULAR FORCES EXPLAINED

THE COLLECTIVE BEHAVIOR OF MATTER IS A DIRECT CONSEQUENCE OF THE INTERACTIONS OCCURRING BETWEEN INDIVIDUAL
MOLECULES. THESE INTERACTIONS, KNOWN AS INTERMOLECULAR FORCES, ARE ELECTROSTATIC IN NATURE AND ARISE FROM THE
DISTRIBUTION OF ELECTRONS AND NUCLEI WITHIN MOLECULES. W/HILE SIGNIFICANTLY WEAKER THAN COVALENT OR IONIC BONDS
(INTRAMOLECULAR FORCES), IMFS ARE RESPONSIBLE FOR MANY OBSERVABLE PROPERTIES OF SUBSTANCES IN CONDENSED PHASES



(LIQUIDS AND SOLIDS).

THERE ARE THREE PRIMARY TYPES OF INTERMOLECULAR FORCES THAT WE COMMONLY ENCOUNTER, EACH WITH DISTINCT ORIGINS
AND STRENGTHS. UNDERSTANDING THESE CATEGORIES IS THE FIRST STEP TOWARD DECIPHERING THE BEHAVIOR OF CHEMICAL
SUBSTANCES. THESE FORCES ARISE FROM ATTRACTIONS BETWEEN TEMPORARY OR PERMANENT CHARGE DISTRIBUTIONS IN
NEIGHBORING MOLECULES. THE RELATIVE STRENGTH OF THESE FORCES DICTATES WHETHER A SUBSTANCE EXISTS AS A GAS,
LIQUID, OR SOLID AT A GIVEN TEMPERATURE AND PRESSURE.

HyYDROGEN BONDING: A POWERFUL ATTRACTION

HYDROGEN BONDING REPRESENTS THE STRONGEST TYPE OF INTERMOLECULAR FORCE, OCCURRING WHEN A HYDROGEN ATOM IS
BONDED TO A HIGHLY ELECTRONEGATIVE ATOM, TYPICALLY OXYGEN (O), NITROGEN (N), or FLUORINE (F). THIS SPECIFIC
ARRANGEMENT CREATES A SIGNIFICANT PARTIAL POSITIVE CHARGE ON THE HYDROGEN ATOM AND PARTIAL NEGATIVE CHARGES ON
THE ELECTRONEGATIVE ATOM. THE PARTIALLY POSITIVE HYDROGEN ATOM IS THEN ATTRACTED TO A LONE PAIR OF ELECTRONS
ON A HIGHLY ELECTRONEGATIVE ATOM OF A NEIGHBORING MOLECULE. THIS ATTRACTION IS CONSIDERABLY STRONGER THAN
TYPICAL DIPOLE-DIPOLE INTERACTIONS DUE TO THE SMALL SIZE OF HYDROGEN AND THE LARGE ELECTRONEGATIVITY DIFFERENCE.

THE STRENGTH OF HYDROGEN BONDS IS EVIDENT IN THE UNUSUALLY HIGH BOILING POINTS OF SUBSTANCES LIKE WATER (H,O),
AMMONIA (NH,), AND HYDROGEN FLUORIDE (HF) COMPARED TO OTHER HYDRIDES IN THE SAME GROUPS. FOR INSTANCE, WATER'S
ABILITY TO FORM EXTENSIVE HYDROGEN BONDS CONTRIBUTES TO ITS LIQUID STATE AT ROOM TEMPERATURE AND ITS HIGH
SPECIFIC HEAT CAPACITY, CRUCIAL FOR LIFE ON EARTH. THIS STRONG DIRECTIONAL INTERACTION ALSO PLAYS A VITAL ROLE IN
THE STRUCTURE OF BIOLOGICAL MACROMOLECULES SUCH AS DNA AND PROTEINS, WHERE IT DICTATES FOLDING AND STABILITY.

DipoLE-DIPOLE INTERACTIONS: POLARITY MATTERS

DIPOLE-DIPOLE INTERACTIONS OCCUR BETWEEN POLAR MOLECULES, WHICH POSSESS PERMANENT DIPOLES. A PERMANENT DIPOLE
ARISES FROM AN UNEQUAL SHARING OF ELECTRONS IN COVALENT BONDS, LEADING TO REGIONS OF PARTIAL POSITIVE AND
PARTIAL NEGATIVE CHARGE WITHIN THE MOLECULE. IN POLAR MOLECULES, THE POSITIVE END OF ONE MOLECULE IS ATTRACTED
TO THE NEGATIVE END OF A NEIGHBORING MOLECULE, AND VICE VERSA. THESE ATTRACTIONS ARE WEAKER THAN HYDROGEN
BONDS BUT STRONGER THAN LONDON DISPERSION FORCES IN MOLECULES OF COMPARABLE SIZE.

THE MAGNITUDE OF DIPOLE-DIPOLE FORCES IS DIRECTLY PROPORTIONAL TO THE POLARITY OF THE MOLECULE. MOLECULES WITH
LARGER DIPOLE MOMENTS EXPERIENCE STRONGER DIPOLE-DIPOLE ATTRACTIONS. FOR EXAMPLE, HYDROGEN CHLORIDE (HCL) IS A
POLAR MOLECULE AND EXHIBITS DIPOLE~DIPOLE INTERACTIONS, CONTRIBUTING TO ITS LIQUID STATE AT ROOM TEMPERATURE,
UNLIKE THE NONPOLAR HYDROGEN MOLECULE (H2) THE EFFECTIVENESS OF THESE INTERACTIONS RELIES ON THE MOLECULES BEING
ABLE TO ORIENT THEMSELVES APPROPRIATELY, MAXIMIZING ATTRACTIVE FORCES.

LoNDON DisPersiON FORCES: UNIVERSAL \WEAKNESSES

LONDON DISPERSION FORCES, ALSO KNOWN AS VAN DER W/ AALS FORCES OR INDUCED DIPOLE-INDUCED DIPOLE FORCES, ARE THE
WEAKEST TYPE OF INTERMOLECULAR FORCE. HO\X/EVER, THEY ARE PRESENT IN ALL MOLECULES, BOTH POLAR AND NONPOLAR,
AND BECOME INCREASINGLY SIGNIFICANT AS THE SIZE AND SURFACE AREA OF THE MOLECULE INCREASE. T HESE FORCES ARISE FROM
TEMPORARY FLUCTUATIONS IN THE ELECTRON CLOUD OF AN ATOM OR MOLECULE, CREATING TRANSIENT, INSTANTANEOUS
DIPOLES. THESE TEMPORARY DIPOLES CAN THEN INDUCE SIMILAR DIPOLES IN NEIGHBORING MOLECULES, LEADING TO A WEAK,
SHORT-LIVED ATTRACTION.

THE STRENGTH OF L ONDON DISPERSION FORCES IS DIRECTLY RELATED TO THE NUMBER OF ELECTRONS IN A MOLECULE AND ITS
SHAPE. LARGER MOLECULES WITH MORE ELECTRONS HAVE A MORE DIFFUSE ELECTRON CLOUD THAT IS MORE EASILY POLARIZED,
RESULTING IN STRONGER DISPERSION FORCES. SIMILARLY, MOLECULES WITH A LARGER SURFACE AREA, SUCH AS LONG, LINEAR
MOLECULES, CAN HAVE MORE POINTS OF CONTACT WITH NEIGHBORING MOLECULES, ENHANCING THESE FORCES. W/HILE



INDIVIDUALLY WEAK, THE CUMULATIVE EFFECT OF L ONDON DISPERSION FORCES CAN BE SUBSTANTIAL IN LARGE MOLECULES,
EXPLAINING THE LIQUID AND SOLID STATES OF MANY NONPOLAR SUBSTANCES LIKE METHANE (CH,) AND 10DINE (l,).

COMPARING THE STRENGTH OF INTERMOLECULAR FORCES

UNDERSTANDING THE RELATIVE STRENGTHS OF INTERMOLECULAR FORCES IS A CORNERSTONE FOR PREDICTING AND EXPLAINING THE
PHYSICAL PROPERTIES OF MATTER. WHILE ALL MOLECULES EXPERIENCE LONDON DISPERSION FORCES, THE PRESENCE OF
PERMANENT DIPOLES OR THE SPECIFIC ARRANGEMENT REQUIRED FOR HYDROGEN BONDING SIGNIFICANTLY ALTERS THE OVERALL
INTERMOLECULAR ATTRACTIONS. GENERALLY, THE HIERARCHY OF STRENGTH, FROM STRONGEST TO WEAKEST, IS AS FOLLOWS!
HYDROGEN BONDING > DIPOLE-DIPOLE INTERACTIONS > L ONDON DISPERSION FORCES.

[T IS CRUCIAL TO REMEMBER THAT THIS HIERARCHY IS A GENERALIZATION. FOR VERY LARGE NONPOLAR MOLECULES, THE
CUMULATIVE EFFECT OF LONDON DISPERSION FORCES CAN SOMETIMES OUTWEIGH THE DIPOLE-DIPOLE FORCES IN SMALLER POLAR
MOLECULES. THEREFORE, A CAREFUL ANALYSIS OF THE MOLECULAR STRUCTURE AND COMPOSITION IS ALWAYS NECESSARY FOR
ACCURATE COMPARISONS.

FACTORS AFFECTING INTERMOLECULAR FORCE STRENGTH

SEVERAL FACTORS INFLUENCE THE STRENGTH OF INTERMOLECUL AR FORCES. THE FIRST AND MOST SIGNIFICANT IS THE PRESENCE
OF POLARITY. MOLECULES WITH PERMANENT DIPOLES WILL EXHIBIT STRONGER DIPOLE-DIPOLE FORCES AND, IF APPLICABLE,
HYDROGEN BONDING, COMPARED TO NONPOLAR MOLECULES OF SIMILAR SIZE THAT ONLY EXPERIENCE LONDON DISPERSION FORCES.
ELECTRONEGATIVITY PLAYS A KEY ROLE;, A GREATER DIFFERENCE IN ELECTRONEGATIVITY BETWEEN BONDED ATOMS LEADS TO
MORE POLAR BONDS AND STRONGER DIPOLES.

MOLECULAR SIZE AND SHAPE ARE ALSO CRITICAL. LARGER MOLECULES, WITH MORE ELECTRONS, GENERALLY EXPERIENCE
STRONGER L ONDON DISPERSION FORCES BECAUSE THEIR ELECTRON CLOUDS ARE MORE POLARIZABLE. THE SHAPE OF A MOLECULE
AFFECTS THE SURFACE AREA AVAILABLE FOR INTERACTIONS. |_ONG, LINEAR MOLECULES TEND TO HAVE STRONGER DISPERSION
FORCES THAN COMPACT, SPHERICAL ONES BECAUSE THEY CAN INTERACT OVER A LARGER CONTACT AREA. FINALLY, THE SPECIFIC
ATOMS INVOLVED IN HYDROGEN BONDING (F, O, N) ARE ESSENTIAL, THE STRONGER THE ELECTRONEGATIVITY OF THE ATOM
BONDED TO HYDROGEN, AND THE SMALLER ITS SIZE, THE MORE POTENT THE HYDROGEN BOND.

IMPACT OF INTERMOLECULAR FORCES ON PHYSICAL PROPERTIES

THE COLLECTIVE INFLUENCE OF INTERMOLECULAR FORCES ON A SUBSTANCE'S MACROSCOPIC PHYSICAL PROPERTIES IS PROFOUND.
THESE ATTRACTIONS DICTATE HOW READILY MOLECULES CAN MOVE PAST ONE ANOTHER, HOW CLOSELY THEY CAN PACK, AND
THE ENERGY REQUIRED TO OVERCOME THESE ATTRACTIONS. CONSEQUENTLY/ PROPERTIES SUCH AS BOILING POINT, MELTING
POINT, VISCOSITY, AND SURFACE TENSION ARE DIRECTLY CORRELATED WITH THE STRENGTH OF THE INTERMOLECULAR FORCES
PRESENT.

SUBSTANCES WITH STRONG INTERMOLECULAR FORCES REQUIRE MORE ENERGY (HIGHER TEMPERATUEES) TO OVERCOME THESE
ATTRACTIONS AND TRANSITION INTO A LESS ORDERED STATE, SUCH AS A GAS. CONVERSELY, SUBSTANCES WITH WEAK
INTERMOLECULAR FORCES REQUIRE LESS ENERGY AND WILL BOIL OR MELT AT LOWER TEMPERATURES. THIS FUNDAMENTAL
RELATIONSHIP FORMS THE BASIS FOR UNDERSTANDING A WIDE RANGE OF CHEMICAL PHENOMENA.

SOLUBILITY AND INTERMOLECULAR FORCES

THE PRINCIPLE OF “LIKE DISSOLVES LIKE” IS A DIRECT CONSEQUENCE OF INTERMOLECULAR FORCES. SUBSTANCES TEND TO



DISSOLVE IN SOLVENTS WITH WHICH THEY CAN FORM SIMILAR TYPES OR STRENGTHS OF INTERMOLECULAR INTERACTIONS. POLAR
SOLUTES, SUCH AS ETHANOL (C2HSOH), DISSOLVE WELL IN POLAR SOLVENTS LIKE WATER BECAUSE THEY CAN FORM STRONG
HYDROGEN BONDS AND DIPOLE-DIPOLE INTERACTIONS WITH WATER MOLECULES. W ATER MOLECULES EFFECTIVELY SURROUND
AND SOLVATE THE SOLUTE MOLECULES, BREAKING APART THE SOLUTE’S EXISTING INTERMOLECULAR ATTRACTIONS.

NONPOLAR SOLUTES, SUCH AS OIL OR IODINE (l,), DISSOLVE READILY IN NONPOLAR SOLVENTS LIKE HEXANE (C4H,,) OR CARBON
TETRACHLORIDE (CCL,). THIS OCCURS BECAUSE THE DOMINANT FORCES IN BOTH THE SOLUTE AND SOLVENT ARE LONDON
DISPERSION FORCES. W/HEN MIXED, THE WEAK DISPERSION FORCES BETWEEN SOLUTE AND SOLVENT MOLECULES CAN EFFECTIVELY
REPLACE THE DISPERSION FORCES WITHIN THE PURE SOLUTE AND PURE SOLVENT, LEADING TO DISSOLUTION. IF A POLAR
SUBSTANCE IS MIXED WITH A NONPOLAR SOLVENT, OR VICE VERSA, THE DIFFERING FORCES ARE NOT EASILY OVERCOME,
RESULTING IN POOR SOLUBILITY OR IMMISCIBILITY.

BOILING POINTS AND INTERMOLECULAR FORCES

BOILING POINT IS THE TEMPERATURE AT WHICH A LIQUIDIS VAPOR PRESSURE EQUALS THE EXTERNAL PRESSURE, ALLOWING IT TO
TRANSFORM INTO A GAS. THIS PROCESS INVOLVES PROVIDING ENOUGH ENERGY TO OVERCOME THE INTERMOLECULAR FORCES
HOLDING THE LIQUID MOLECULES TOGETHER. THEREFOREI SUBSTANCES WITH STRONGER INTERMOLECULAR FORCES HAVE HIGHER
BOILING POINTS BECAUSE MORE ENERGY IS REQUIRED TO SEPARATE THE MOLECULES INTO THE GASEOUS PHASE.

ConsIDEr WATER (H,O) VERSUS METHANE (CH,). W ATER EXHIBITS STRONG HYDROGEN BONDING, MAKING ITS BOILING POINT
100°C. METHANE, A NONPOLAR MOLECULE OF SIMILAR MOLAR MASS, ONLY EXPERIENCES WEAK L ONDON DISPERSION FORCES AND
BOILS AT - 16 1.5°C. THIS STARK CONTRAST VIVIDLY ILLUSTRATES THE IMPACT OF INTERMOLECULAR FORCE STRENGTH ON
BOILING POINTS.

SURFACE TENSION AND VISCOSITY: MANIFESTATIONS OF IMFs

SURFACE TENSION IS A PROPERTY OF LIQUIDS THAT ARISES FROM THE COHESIVE FORCES BETWEEN LIQUID MOLECULES.
MOLECULES AT THE SURFACE OF A LIQUID ARE ATTRACTED MORE STRONGLY TO MOLECULES WITHIN THE BULK OF THE LIQUID
THAN TO THE AIR ABOVE THEM. THIS RESULTS IN A NET INWARD FORCE THAT CAUSES THE SURFACE TO BEHAVE LIKE A
STRETCHED ELASTIC MEMBRANE, MINIMIZING ITS SURFACE AREA. LIQUIDS WITH STRONG INTERMOLECULAR FORCES, SUCH AS
WATER WITH ITS EXTENSIVE HYDROGEN BONDING, EXHIBIT HIGH SURFACE TENSION.

\/ISCOSITY, ON THE OTHER HAND, IS A MEASURE OF A LIQUIDIS RESISTANCE TO FLOW. |T IS RELATED TO THE INTERNAL FRICTION
BETWEEN MOLECULES. LIQUIDS WITH STRONG INTERMOLECULAR FORCES TEND TO BE MORE VISCOUS BECAUSE THE MOLECULES
ARE MORE STRONGLY ATTRACTED TO EACH OTHER, IMPEDING THEIR MOVEMENT. For EXAMPLE, GLYCEROL (C3H803>, WITH
MULTIPLE HYDROXYL GROUPS CAPABLE OF EXTENSIVE HYDROGEN BONDING, IS SIGNIFICANTLY MORE VISCOUS THAN WATER,
WHICH HAS FEWER SITES FOR HYDROGEN BONDING. THIS MAKES GLYCEROL A USEFUL LUBRICANT AND HUMECTANT.

PRACTICAL APPLICATIONS AND REAL-\W/ ORLD EXAMPLES

THE UNDERSTANDING OF INTERMOLECULAR FORCES EXTENDS FAR BEYOND THEORETICAL CHEMISTRY, OFFERING PRACTICAL
SOLUTIONS AND EXPLANATIONS IN NUMEROUS REAL-WORLD SCENARIOS. FROM THE EVERYDAY ACT OF CLEANING TO THE
INTRICATE PROCESSES WITHIN LIVING ORGANISMS AND THE DEVELOPMENT OF ADVANCED MATERIALS, IMFs ARE AT PLAY.

CONSIDER THE EFFECTIVENESS OF DETERGENTS. DETERGENTS ARE AMPHIPHILIC MOLECULES, POSSESSING BOTH POLAR AND
NONPOLAR REGIONS. THIS ALLOWS THEM TO INTERACT WITH BOTH GREASY (NONPOLAR) DIRT AND WATER (POLAR)I
FACILITATING THE REMOVAL OF DIRT FROM SURFACES. THIS IS A DIRECT APPLICATION OF MANIPULATING INTERMOLECULAR
FORCES TO ACHIEVE A DESIRED OUTCOME.



INTERMOLECULAR FORCES IN BIOLOGICAL SYSTEMS

BIOLOGICAL SYSTEMS ARE A TESTAMENT TO THE CRITICAL ROLE OF INTERMOLECULAR FORCES. THE STRUCTURE AND FUNCTION
OF BIOMOLECULES ARE INTRICATELY DEPENDENT ON THESE ATTRACTIONS. FOR EXAMPLE, THE DOUBLE HELIX STRUCTURE OF DNA
IS MAINTAINED BY HYDROGEN BONDS BETWEEN COMPLEMENTARY BASE PAIRS (ADENINE WITH THYMINE, AND GUANINE WITH
CYTOSINE). THESE SPECIFIC HYDROGEN BONDS ARE CRUCIAL FOR ACCURATE DNA REPLICATION AND TRANSCRIPTION.

PROTEINS, COMPLEX MOLECULES ESSENTIAL FOR COUNTLESS BIOLOGICAL FUNCTIONS, FOLD INTO SPECIFIC THREE-DIMENSIONAL
SHAPES DICTATED BY A VARIETY OF INTERMOLECULAR FORCES, INCLUDING HYDROGEN BONDS, DIPOLE-DIPOLE INTERACTIONS, AND
LONDON DISPERSION FORCES, AS WELL AS HYDROPHOBIC INTERACTIONS. THESE FORCES DETERMINE THE PROTEIN'S ACTIVE SITE
AND ITS ABILITY TO BIND TO OTHER MOLECULES, A FUNDAMENTAL ASPECT OF ENZYME CATALYSIS AND CELLULAR SIGNALING.

INTERMOLECULAR FORCES IN MATERIAL SCIENCE

IN MATERIAL SCIENCE, MANIPULATING INTERMOLECULAR FORCES IS KEY TO DESIGNING MATERIALS WITH SPECIFIC PROPERTIES. For
INSTANCE, POLYMERS, WHICH ARE LONG CHAINS OF REPEATING MOLECULAR UNITS, EXHIBIT PROPERTIES THAT ARE HEAVILY
INFLUENCED BY THE IMFS BETWEEN THESE CHAINS. THE STRENGTH OF THESE FORCES DETERMINES A POLYMER'S FLEXIBILITY,
TENSILE STRENGTH, AND MELTING POINT. PLASTICS LIKE POLYETHYLENE ARE COMPOSED OF NONPOLAR CHAINS, AND THEIR
PROPERTIES ARE DOMINATED BY LONDON DISPERSION FORCES, WHEREAS MORE POLAR POLYMERS MIGHT EXHIBIT STRONGER
DIPOLE-DIPOLE INTERACTIONS.

THE DEVELOPMENT OF ADHESIVES, COATINGS, AND COMPOSITES OFTEN RELIES ON CONTROLLING THE INTERMOLECULAR
ATTRACTIONS BETWEEN DIFFERENT SURFACES OR COMPONENTS. [UNDERSTANDING THESE FORCES ALLOWS ENGINEERS AND
SCIENTISTS TO CREATE MATERIALS THAT BOND STRONGLY, REPEL WATER, OR HAVE SPECIFIC THERMAL OR ELECTRICAL
CHARACTERISTICS.

NAVIGATING INTERMOLECULAR FORCES: A PROBLEM-SOLVING APPROACH

APPROACHING PROBLEMS INVOLVING INTERMOLECULAR FORCES REQUIRES A SYSTEMATIC METHODOLOGY. THE FIRST STEP IS
ALWAYS TO DETERMINE THE POLARITY OF THE MOLECULES INVOLVED. THIS TYPICALLY INVOLVES EXAMINING THE TYPES OF
BONDS PRESENT AND THE MOLECULAR GEOMETRY. MOLECULES WITH POLAR BONDS AND AN ASYMMETRICAL SHAPE WILL BE

POLAR, WHILE THOSE WITH SYMMETRICAL ARRANGEMENTS OF POLAR BONDS OR ONLY NONPOLAR BONDS WILL BE NONPOLAR.

ONCE POLARITY IS ESTABLISHED, ONE CAN IDENTIFY THE TYPES OF INTERMOLECULAR FORCES PRESENT. ALL MOLECULES EXHIBIT
LONDON DISPERSION FORCES. POLAR MOLECULES WILL ALSO HAVE DIPOLE-DIPOLE INTERACTIONS. |F THE MOLECULE CONTAINS
HYDROGEN BONDED TO NITROGEN, OXYGEN, OR FLUORINE, HYDROGEN BONDING WILL ALSO BE A SIGNIFICANT FORCE.

IDENTIFYING INTERMOLECULAR FORCES IN MOLECULES

TO IDENTIFY THE INTERMOLECULAR FORCES PRESENT IN A GIVEN SUBSTANCE, FOLLOW THESE STEPS!

o DETERMINE MOLECULAR POLARITY: ANALYZE THE ELECTRONEGATIVITY DIFFERENCES BET\WEEN BONDED ATOMS AND THE
MOLECULAR GEOMETRY. |F THE MOLECULE HAS POLAR BONDS AND AN ASYMMETRICAL SHAPE, IT IS POLAR. [F IT HAS ONLY
NONPOLAR BONDS OR ITS POLAR BONDS ARE ARRANGED SYMMETRICALLY, IT IS NONPOLAR.

® |DENTIFY LONDON DISPERSION FORCES: THESE ARE PRESENT IN ALL MOLECULES, REGARDLESS OF POLARITY. THEIR
STRENGTH INCREASES WITH MOLECULAR SIZE AND SURFACE AREA.

o |DENTIFY DIPOLE-DIPOLE INTERACTIONS: THESE OCCUR ONLY IN POLAR MOLECULES. THE STRENGTH INCREASES WITH THE



MAGNITUDE OF THE DIPOLE MOMENT.

* |DENTIFY HYDROGEN BONDING: THIS SPECIFIC, STRONG TYPE OF DIPOLE-DIPOLE INTERACTION OCCURS WHEN A HYDROGEN
ATOM IS BONDED TO A HIGHLY ELECTRONEGATIVE ATOM (N, O, 0R F) AND IS ATTRACTED TO A LONE PAIR OF
ELECTRONS ON AN N, O, oR F ATOM OF A NEIGHBORING MOLECULE.

FOR EXAMPLE, CONSIDER AMMONIA (NHj,). THe N-H BONDS ARE POLAR, AND DUE TO THE LONE PAIR ON NITROGEN, THE MOLECULE
HAS A TRIGONAL PYRAMIDAL SHAPE, MAKING IT POLAR. THEREFORE, NH; EXHIBITS LONDON DISPERSION FORCES, DIPOLE-DIPOLE
INTERACTIONS, AND HYDROGEN BONDING (as H is sonDeD TO N).

RANKING INTERMOLECULAR FORCES BY STRENGTH

\W/HEN COMPARING THE RELATIVE STRENGTHS OF INTERMOLECULAR FORCES BETWEEN DIFFERENT SUBSTANCES, OR WITHIN THE
SAME SUBSTANCE, FOLLOW THIS GENERAL RANKING:

1. HYDROGEN BONDING: THE STRONGEST OF THE INTERMOLECULAR FORCES.
2. DIPOLE-DIPOLE INTERACTIONS: STRONGER THAN L ONDON DISPERSION FORCES FOR MOLECULES OF COMPARABLE SIZE.

3. LonDoN DisPerSION FORCES: THE WEAKEST TYPE, BUT CAN BECOME SIGNIFICANT IN LARGE MOLECULES.

[T IS ESSENTIAL TO CONSIDER THE SPECIFIC MOLECULES. FOR INSTANCE, A LARGE NONPOLAR MOLECULE MIGHT HAVE STRONGER
LONDON DISPERSION FORCES THAN A SMALL POLAR MOLECULE WITH WEAK DIPOLE-DIPOLE INTERACTIONS. HO\X/EVEE, IN MOST
COMPARATIVE SCENARIOS TAUGHT AT INTRODUCTORY LEVELS, THE GENERAL HIERARCHY HOLDS.

CoMMON MISCONCEPTIONS ABOUT INTERMOLECULAR FORCES

SEVERAL COMMON MISCONCEPTIONS CAN ARISE WHEN LEARNING ABOUT INTERMOLECUL AR FORCES. ONE FREQUENT ERROR IS
CONFUSING INTERMOLECULAR FORCES WITH INTRAMOLECULAR BONDS (COVALENT OR IONIC BONDS). INTRAMOLECULAR BONDS
HOLD ATOMS TOGETHER WITHIN A MOLECULE, WHILE INTERMOLECULAR FORCES ATTRACT BETWEEN MOLECULES.
INTRAMOLECULAR BONDS ARE SIGNIFICANTLY STRONGER.

ANOTHER MISCONCEPTION IS THAT ONLY POLAR MOLECULES HAVE INTERMOLECULAR FORCES. ALL MOLECULES, EVEN NONPOLAR
ONES, EXPERIENCE LONDON DISPERSION FORCES. THE STRENGTH OF THESE FORCES CAN BE SUBSTANTIAL IN LARGE MOLECULES.
FURTHERMORE, ASSUMING THAT HYDROGEN BONDING IS SIMPLY A STRONGER FORM OF DIPOLE-DIPOLE INTERACTION WITHOUT
RECOGNIZING THE SPECIFIC REQUIREMENTS (H BONDED TO N, O, OR F) CAN LEAD TO ERRORS IN IDENTIFICATION.

FINALLY, SOME MAY OVERLOOK THE IMPACT OF MOLECULAR SIZE ON LLONDON DISPERSION FORCES. A LARGE NONPOLAR
MOLECULE CAN EXHIBIT STRONGER L ONDON DISPERSION FORCES THAN A SMALLER POLAR MOLECULE WITH DIPOLE-DIPOLE
INTERACTIONS, WHICH CAN SOMETIMES BE COUNTERINTUITIVE BUT IS CRITICAL FOR ACCURATE PROPERTY PREDICTIONS.

QI \WHAT IS THE PRIMARY DIFFERENCE BETWEEN INTERMOLECULAR FORCES AND
INTRAMOLECULAR FORCES?

A: INTERMOLECULAR FORCES ARE ATTRACTIVE FORCES THAT EXIST BETWEEN MOLECULES, INFLUENCING THEIR PHYSICAL
PROPERTIES LIKE BOILING POINT AND SOLUBILITY. INTRAMOLECULAR FORCES, ON THE OTHER HAND, ARE THE STRONG CHEMICAL



BONDS (COVALENT/ IONIC, METALLIC) THAT HOLD ATOMS TOGETHER WITHIN A SINGLE MOLECULE. INTRAMOLECULAR FORCES ARE
MUCH STRONGER THAN INTERMOLECULAR FORCES.

Q: How DOES MOLECULAR POLARITY AFFECT THE TYPES AND STRENGTHS OF
INTERMOLECULAR FORCES?

A: MOLECULAR POLARITY DICTATES THE PRESENCE OF DIPOLE-DIPOLE INTERACTIONS AND CAN FACILITATE HYDROGEN BONDING.
NONPOLAR MOLECULES PRIMARILY EXPERIENCE WEAK L ONDON DISPERSION FORCES. POLAR MOLECULES EXHIBIT STRONGER DIPOLE-
DIPOLE INTERACTIONS, AND IF THEY MEET SPECIFIC CRITERIA (HYDROGEN BONDED TO N/ O/ OR F)/ THEY CAN ALSO FORM STRONG
HYDROGEN BONDS, WHICH ARE THE STRONGEST TYPE OF INTERMOLECULAR FORCE.

QI \WHY ARE LONDON DISPERSION FORCES PRESENT IN ALL MOLECULES?

A: LONDON DISPERSION FORCES ARISE FROM TEMPORARY FLUCTUATIONS IN THE ELECTRON DISTRIBUTION WITHIN ATOMS AND
MOLECULES, CREATING INSTANTANEOUS DIPOLES. SINCE ALL ATOMS AND MOLECULES HAVE ELECTRONS, THESE TRANSIENT
DIPOLES CAN FORM IN ANY SUBSTANCE, INDUCING SIMILAR TEMPORARY DIPOLES IN NEIGHBORING PARTICLES, LEADING TO A WEAK
ATTRACTION.

QI CAN LONDON DISPERSION FORCES BE STRONGER THAN DIPOLE-DIPOLE INTERACTIONS?

A: YES/ LONDON DISPERSION FORCES CAN BE STRONGER THAN DIPOLE-DIPOLE INTERACTIONS, PARTICULARLY IN LARGE
MOLECULES. W/HILE DIPOLE-DIPOLE INTERACTIONS ARE INHERENTLY STRONGER FOR MOLECULES OF COMPARABLE SIZE, THE
CUMULATIVE EFFECT OF LONDON DISPERSION FORCES IN VERY LARGE MOLECULES, DUE TO A GREATER NUMBER OF ELECTRONS AND
SURFACE AREA, CAN EXCEED THE DIPOLE-DIPOLE ATTRACTIONS OF SMALLER POLAR MOLECULES.

Q: WHAT ARE THE KEY CHARACTERISTICS OF MOLECULES THAT EXHIBIT HYDROGEN
BONDING?

A: MOLECULES THAT EXHIBIT HYDROGEN BONDING MUST CONTAIN A HYDROGEN ATOM COVALENTLY BONDED TO A HIGHLY
ELECTRONEGATIVE ATOM, TYPICALLY NITROGEN (N), oxYGEN (O), or FLUORINE (F). THIS ELECTRONEGATIVE ATOM PULLS
ELECTRON DENSITY AWAY FROM THE HYDROGEN, GIVING IT A SIGNIFICANT PARTIAL POSITIVE CHARGE. THIS PARTIALLY POSITIVE
HYDROGEN IS THEN ATTRACTED TO A LONE PAIR OF ELECTRONS ON A HIGHLY ELECTRONEGATIVE ATOM (N, O, or F) oF A
NEIGHBORING MOLECULE.

QI How DO INTERMOLECULAR FORCES INFLUENCE THE BOILING POINT OF A SUBSTANCE?

A: BOILING POINT IS THE TEMPERATURE AT WHICH A LIQUID VAPORIZES. THIS PROCESS REQUIRES OVERCOMING THE ATTRACTIVE
FORCES BETWEEN MOLECULES IN THE LIQUID PHASE. SUBSTANCES WITH STRONGER INTERMOLECULAR FORCES REQUIRE MORE
ENERGY <AND THUS HIGHER TEMPERATURES) TO OVERCOME THESE ATTRACTIONS AND TRANSITION INTO THE GASEOUS STATE,
RESULTING IN HIGHER BOILING POINTS.

Q: EXPLAIN THE “LIKE DISSOLVES LIKE" RULE IN TERMS OF INTERMOLECULAR FORCES.

A: THE "LIKE DISSOLVES LIKE” RULE STATES THAT SUBSTANCES WITH SIMILAR INTERMOLECULAR FORCES TEND TO DISSOLVE IN
EACH OTHER. POLAR SOLUTES DISSOLVE WELL IN POLAR SOLVENTS BECAUSE THEY CAN FORM SIMILAR ATTRACTIVE FORCES
(HYDROGEN BONDS, DIPOLE‘DIPOLE). NONPOLAR SOLUTES DISSOLVE WELL IN NONPOLAR SOLVENTS BECAUSE THEY PRIMARILY
INTERACT THROUGH L ONDON DISPERSION FORCES. DISSOLUTION IS LESS EFFECTIVE WHEN THERE IS A SIGNIFICANT MISMATCH IN
THE TYPES OR STRENGTHS OF INTERMOLECULAR FORCES BETWEEN THE SOLUTE AND SOLVENT.



QZ WHY DOES WATER HAVE A RELATIVELY HIGH BOILING POINT COMPARED TO OTHER
HYDRIDES IN ITS GROUP?

A: WATER (H,O) HAS A REMARKABLY HIGH BOILING POINT (100°C) COMPARED TO OTHER GROUP 16 HYDRIDES LIKE
HYDROGEN SULFIDE (H,S, BOILING POINT ~60°C) BECAUSE WATER MOLECULES ARE CAPABLE OF FORMING EXTENSIVE AND
STRONG HYDROGEN BONDS WITH EACH OTHER. THE HYDROGEN ATOMS BONDED TO OXYGEN ARE HIGHLY POLARIZED, AND OXYGEN
HAS LONE PAIRS THAT READILY ACCEPT THESE HYDROGEN BONDS, LEADING TO A STRONG COHESIVE NETWORK THAT REQUIRES
SUBSTANTIAL ENERGY TO BREAK.
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