IONIZATION ENERGY PRACTICE PROBLEMS

IONIZATION ENERGY PRACTICE PROBLEMS ARE FUNDAMENTAL FOR MASTERING A CORE CONCEPT IN CHEMISTRY. UNDERST ANDING
HOW MUCH ENERGY IS REQUIRED TO REMOVE AN ELECTRON FROM AN ATOM OR ION IS CRUCIAL FOR PREDICTING CHEMICAL
REACTIVITY AND EXPLAINING PERIODIC TRENDS. THIS COMPREHENSIVE GUIDE DELVES INTO VARIOUS TYPES OF IONIZATION ENERGY
PRACTICE PROBLEMS, OFFERING DETAILED EXPLANATIONS AND STRATEGIES FOR TACKLING THEM EFFECTIVELY. WE WILL EXPLORE
FACTORS INFLUENCING IONIZATION ENERGY, ANALYZE TRENDS ACROSS THE PERIODIC TABLE, AND WORK THROUGH EXAMPLE
PROBLEMS TO SOLIDIFY YOUR COMPREHENSION. BY THE END OF THIS ARTICLE, YOU WILL BE WELL-EQUIPPED TO APPROACH ANY
IONIZATION ENERGY CHALLENGE WITH CONFIDENCE, ENHANCING YOUR UNDERSTANDING OF ATOMIC STRUCTURE AND CHEMICAL
BONDING.

TABLE oF CONTENTS

(UNDERSTANDING |ONIZATION ENERGY

FACTORS AFFECTING |ONIZATION ENERGY

PerIoDIC TRENDS IN [ONIZATION ENERGY

TYPES OF |lONIZATION ENERGY PRACTICE PROBLEMS
SOLVING SUCCESSIVE |ONIZATION ENERGY PROBLEMS
PREDICTING REACTIONS USING |ONIZATION ENERGY
ADVANCED |ONIZATION ENERGY PRACTICE PROBLEMS

TIPS FOR SOLVING |ONIZATION ENERGY PRACTICE PROBLEMS

UNDERSTANDING |ONIZATION ENERGY

[ONIZATION ENERGY, OFTEN DENOTED AS |E, IS DEFINED AS THE MINIMUM ENERGY REQUIRED TO REMOVE THE MOST LOOSELY BOUND
ELECTRON FROM A NEUTRAL GASEOUS ATOM IN ITS GROUND STATE. THIS PROCESS RESULTS IN THE FORMATION OF A
POSITIVELY CHARGED ION, A CATION. THE DEFINITION SPECIFICALLY REFERS TO A GASEOUS STATE BECAUSE INTERMOLECULAR
FORCES IN SOLID OR LIQUID STATES CAN INFLUENCE THE ENERGY REQUIRED FOR ELECTRON REMOVAL, LEADING TO INACCURATE
MEASUREMENTS FOR ATOMIC PROPERTIES. THEREFORE, WHEN WE DISCUSS IONIZATION ENERGIES, WE ARE ALWAYS CONSIDERING
ISOLATED ATOMS.

THERE ARE MULTIPLE IONIZATION ENERGIES, CORRESPONDING TO THE SEQUENTIAL REMOVAL OF ELECTRONS. THE FIRST
IONIZATION ENERGY (IE 1) IS THE ENERGY NEEDED TO REMOVE THE FIRST ELECTRON. THE SECOND IONIZATION ENERGY (IE2) IS THE
ENERGY REQUIRED TO REMOVE THE SECOND ELECTRON FROM THE UNIPOSITIVE ION FORMED AFTER THE FIRST IONIZATION.
SIMILARLY, |E3, IE4, AND SO ON, REPRESENT THE ENERGIES FOR REMOVING SUBSEQUENT ELECTRONS. IT'S IMPORTANT TO NOTE
THAT SUCCESSIVE IONIZATION ENERGIES ALWAYS INCREASE BECAUSE T BECOMES PROGRESSIVELY HARDER TO REMOVE AN
ELECTRON FROM A MORE POSITIVELY CHARGED ION.

FACTORS AFFECTING |ONIZATION ENERGY

SEVERAL FUNDAMENTAL ATOMIC PROPERTIES SIGNIFICANTLY INFLUENCE THE MAGNITUDE OF IONIZATION ENERGY. UNDERST ANDING
THESE FACTORS IS KEY TO PREDICTING AND EXPLAINING THE OBSERVED TRENDS IN IONIZATION ENERGIES ACROSS THE PERIODIC
TABLE. THE INTERPLAY BETWEEN THESE FACTORS DICTATES HOW STRONGLY AN ELECTRON IS HELD BY THE NUCLEUS.

NucLeArR CHARGE

THE NUCLEAR CHARGE, WHICH IS THE TOTAL POSITIVE CHARGE OF THE NUCLEUS (EQUAL TO THE NUMBER OF PROTONS), PLAYS
A DIRECT ROLE IN IONIZATION ENERGY. A HIGHER NUCLEAR CHARGE EXERTS A STRONGER ATTRACTIVE FORCE ON THE ELECTRONS.
CONSEQUENTLY, ATOMS WITH A GREATER NUMBER OF PROTONS IN THEIR NUCLEUS GENERALLY HAVE HIGHER IONIZATION
ENERGIES, AS MORE ENERGY IS NEEDED TO OVERCOME THIS STRONGER ATTRACTION AND REMOVE AN ELECTRON. THIS IS A
PRIMARY DRIVER OF IONIZATION ENERGY TRENDS ACROSS PERIODS.



ELECTRON SHIELDING (SCREENING EFFECT)

ELECTRON SHIELDING, ALSO KNOWN AS THE SCREENING EFFECT, REFERS TO THE REPULSION EXPERIENCED BY AN OUTER ELECTRON
FROM THE INNER ELECTRONS. THESE INNER ELECTRONS EFFECTIVELY “SHIELD” THE OUTER VALENCE ELECTRONS FROM THE FULL
ATTRACTIVE FORCE OF THE NUCLEUS. THE MORE INNER ELECTRON SHELLS AN ATOM HAS, THE GREATER THE SHIELDING EFFECT.
THIS REDUCED ATTRACTION MEANS THAT ELECTRONS IN HIGHER ENERGY LEVELS, OR THOSE SHIELDED BY MANY INNER ELECTRONS,
ARE EASIER TO REMOVE, THUS LOWERING THE IONIZATION ENERGY. THIS FACTOR IS CRUCIAL IN UNDERSTANDING TRENDS DOWN A
GROUP.

AToMIc RADIUS

THE ATOMIC RADIUS IS THE MEASURE OF THE SIZE OF AN ATOM. A LARGER ATOMIC RADIUS IMPLIES THAT THE VALENCE
ELECTRONS ARE, ON AVERAGE, FARTHER FROM THE NUCLEUS. AccorpiNG To CouLoMB’s LAW, THE ELECTROSTATIC FORCE OF
ATTRACTION DECREASES WITH THE SQUARE OF THE DISTANCE BETWEEN THE CHARGED PARTICLES. THEREFORE, AS THE ATOMIC
RADIUS INCREASES, THE ATTRACTION BETWEEN THE NUCLEUS AND THE VALENCE ELECTRONS WEAKENS, LEADING TO A LOWER
IONIZATION ENERGY. ATOMIC RADIUS IS DIRECTLY INFLUENCED BY NUCLEAR CHARGE AND ELECTRON SHIELDING.

ELecTRON CONFIGURATION AND SUBSHELL STABILITY

THE ELECTRON CONFIGURATION OF AN ATOM SIGNIFICANTLY IMPACTS ITS IONIZATION ENERGY, PARTICULARLY WHEN ELECTRONS
ARE REMOVED FROM FILLED OR HALF~FILLED SUBSHELLS. ATOMS WITH A COMPLETELY FILLED ELECTRON SHELL (LIKE NOBLE
GASES) OR A COMPLETELY FILLED SUBSHELL (LIKE S"2, P"6, D™ 10) ARE EXCEPTIONALLY STABLE. REMOVING AN ELECTRON
FROM SUCH A STABLE CONFIGURATION REQUIRES A DISPROPORTIONATELY HIGH AMOUNT OF ENERGY, RESULTING IN A SIGNIFICANT
JUMP IN IONIZATION ENERGY. SIMILARLY, HALF-FILLED SUBSHELLS (Like S™ 1, P"3, D"5) OFFER SOME DEGREE OF STABILITY,
THOUGH LESS THAN FILLED SUBSHELLS. CONVERSELY, REMOVING AN ELECTRON FROM A PARTIALLY FILLED SUBSHELL, ESPECIALLY
ONE THAT WOULD LEAD TO A MORE STABLE CONFIGURATION, MIGHT REQUIRE LESS ENERGY.

PERIODIC TRENDS IN |IONIZATION ENERGY

|ONIZATION ENERGY EXHIBITS PREDICTABLE TRENDS ACROSS THE PERIODIC TABLE, WHICH ARE A DIRECT CONSEQUENCE OF THE
FACTORS DISCUSSED PREVIOUSLY. THESE TRENDS ARE INVALUABLE FOR PREDICTING THE CHEMICAL BEHAVIOR OF ELEMENTS.

Across A Periobd (LEFT To RIGHT)

AS ONE MOVES FROM LEFT TO RIGHT ACROSS A PERIOD IN THE PERIODIC TABLE, THE IONIZATION ENERGY GENERALLY INCREASES.
THIS IS PRIMARILY DUE TO AN INCREASE IN NUCLEAR CHARGE WHILE THE VALENCE ELECTRONS ARE ADDED TO THE SAME PRINCIPAL
ENERGY LEVEL. THE ADDED PROTONS INCREASE THE EFFECTIVE NUCLEAR CHARGE EXPERIENCED BY THE VALENCE ELECTRONS,
PULLING THEM CLOSER TO THE NUCLEUS AND INCREASING THE ATOMIC RADIUS SLIGHTLY, BUT THE INCREASED ATTRACTION
DOMINATES. THE SHIELDING EFFECT FROM INNER ELECTRONS REMAINS RELATIVELY CONSTANT ACROSS A PERIOD BECAUSE THE
PRINCIPAL ENERGY LEVEL DOESN'T CHANGE. THUS, VALENCE ELECTRONS ARE HELD MORE TIGHTLY, REQUIRING MORE ENERGY FOR
REMOVAL.

Down A Group (Top To BoTToM)

CONVERSELY, AS ONE MOVES DOWN A GROUP IN THE PERIODIC TABLE, THE IONIZATION ENERGY GENERALLY DECREASES. THis
DECREASE IS MAINLY ATTRIBUTED TO AN INCREASE IN ATOMIC RADIUS. W/ITH EACH SUCCESSIVE PERIOD, A NEW PRINCIPAL ENERGY
LEVEL IS ADDED, PLACING THE VALENCE ELECTRONS FURTHER FROM THE NUCLEUS. ALTHOUGH THE NUCLEAR CHARGE ALSO
INCREASES, THE EFFECT OF INCREASED DISTANCE AND THE SIGNIFICANT SHIELDING PROVIDED BY THE ADDITIONAL INNER ELECTRON
SHELLS OUTWEIGH THE INCREASED NUCLEAR ATTRACTION. AS A RESULT, VALENCE ELECTRONS ARE LESS TIGHTLY BOUND AND
EASIER TO REMOVE, LEADING TO LOWER IONIZATION ENERGIES.



TyPeS oF lONIZATION ENERGY PRACTICE PROBLEMS

[ONIZATION ENERGY PRACTICE PROBLEMS COME IN VARIOUS FORMS, EACH TESTING A SLIGHTLY DIFFERENT ASPECT OF YOUR
UNDERSTANDING. MASTERING THESE PROBLEM TYPES WILL PREPARE YOU FOR A WIDE RANGE OF CHEMICAL ASSESSMENTS.

RANKING |ONIZATION ENERGIES

THESE PROBLEMS TYPICALLY INVOLVE A SET OF ATOMS OR IONS, AND YOU ARE ASKED TO ARRANGE THEM IN ORDER OF
INCREASING OR DECREASING FIRST IONIZATION ENERGY. THIS REQUIRES APPLYING YOUR KNOWLEDGE OF PERIODIC TRENDS AND THE
FACTORS INFLUENCING THEM. YOU'LL NEED TO CONSIDER THEIR POSITIONS ON THE PERIODIC TABLE, ATOMIC RADII, AND EFFECTIVE
NUCLEAR CHARGES.

EXPLAINING ANOMALIES IN TRENDS

SOMETIMES, IONIZATION ENERGY TRENDS SHOW SLIGHT DEVIATIONS, PARTICULARLY WHEN COMPARING ELEMENTS WITH SIMILAR
ELECTRON CONFIGURATIONS OR THOSE IN CLOSE PROXIMITY ON THE PERIODIC TABLE. THESE ANOMALIES OFTEN OCCUR DUE TO
THE STABILITY OF FILLED OR HALF-FILLED SUBSHELLS. PRACTICE PROBLEMS MAY ASK YOU TO EXPLAIN WHY AN ELEMENT HAS A
SLIGHTLY HIGHER OR LOWER IONIZATION ENERGY THAN ITS NEIGHBORS BASED ON ITS ELECTRON CONFIGURATION.

INTERPRETING SUCCESSIVE |ONIZATION ENERGY DATA

THESE PROBLEMS PRESENT A TABLE OF SUCCESSIVE IONIZATION ENERGIES FOR AN ELEMENT. THE KEY TO SOLVING THESE IS TO
LOOK FOR A LARGE JUMP BETWEEN CONSECUTIVE IONIZATION ENERGIES. THIS JUMP INDICATES THE REMOVAL OF AN ELECTRON
FROM A MUCH MORE STABLE, LOWER ENERGY LEVEL (USUALLY A FILLED INNER SHELL) AFTER ALL THE VALENCE ELECTRONS HAVE
BEEN REMOVED. T HE MAGNITUDE OF THIS JUMP HELPS IDENTIFY THE GROUP AN ELEMENT BELONGS TO.

PREDICTING |ON FORMATION

BY ANALYZING IONIZATION ENERGY DATA, YOU CAN PREDICT THE MOST LIKELY STABLE IONS AN ELEMENT WILL FORM. ELEMENTS
WITH LOW FIRST IONIZATION ENERGIES READILY LOSE ONE ELECTRON TO FORM + 1 IONS. ELEMENTS WITH VERY HIGH IONIZATION
ENERGIES TEND TO GAIN ELECTRONS RATHER THAN LOSE THEM. THE NUMBER OF V ALENCE ELECTRONS, INDICATED BY THE POINT OF
A LARGE JUMP IN SUCCESSIVE IONIZATION ENERGIES, IS A STRONG CLUE.

SOLVING SUCCESSIVE |ONIZATION ENERGY PROBLEMS

SUCCESSIVE IONIZATION ENERGY DATA PROVIDES A POWERFUL TOOL FOR DEDUCING AN ELEMENT'S IDENTITY OR ITS POSITION
WITHIN THE PERIODIC TABLE. THE KEY TO UNLOCKING THESE PROBLEMS LIES IN IDENTIFYING THE SIGNIFICANT ENERGY GAPS.

CONSIDER THE FOLLOWING HYPOTHETICAL SUCCESSIVE IONIZATION ENERGIES FOR AN ELEMENT:

e |E1: 500 kJ/moL
e |[E2: 900 kJ/moL
e |E3: 1500 kJ/mMoL

e |E4: 2500 kJ/moL



e |E5: 12000 kJ/MoL

e |E4: 14500 kJ/moL

\X/HEN ANALYZING THIS DATA, WE LOOK FOR A SUBSTANTIAL INCREASE IN ENERGY REQUIRED FOR ELECTRON REMOVAL. NOTICE
THE RELATIVELY SMALL, INCREMENTAL INCREASES FROM IET TO |IE4. THIS SUGGESTS THAT THESE ELECTRONS ARE BEING
REMOVED FROM THE OUTERMOST VALENCE SHELL. HOWEVER, THERE IS A DRAMATIC LEAP FROM |E4 (2500 kJ/MoL) To IES
(12000 kJ/MoL). THIS MASSIVE JUMP INDICATES THAT THE FIFTH ELECTRON BEING REMOVED COMES FROM A MUCH MORE STABLE
INNER SHELL, WHILE THE FIRST FOUR WERE VALENCE ELECTRONS. THEREFORE, THIS ELEMENT HAS 4 VALENCE ELECTRONS AND
LIKELY BELONGS TO GRoUP 14. THE LARGE JUMP AFTER THE REMOVAL OF THE FOURTH ELECTRON SIGNIFIES THE BREAKING INTO A
STABLE CORE ELECTRON CONFIGURATION.

BY LOCATING THIS SIGNIFICANT JUMP, WE CAN DETERMINE THE NUMBER OF VALENCE ELECTRONS AN ELEMENT POSSESSES, WHICH IN
TURN HELPS IDENTIFY ITS GROUP NUMBER IN THE PERIODIC TABLE. FOR EXAMPLE, IF THE JUMP OCCURS AFTER THE SECOND
IONIZATION ENERGY, THE ELEMENT HAS 2 VALENCE ELECTRONS AND IS IN GROUP 2. IF THE JUMP OCCURS AFTER THE THIRD
IONIZATION ENERGY, IT HAS 3 VALENCE ELECTRONS AND IS IN GROUP 13, AND SO ON.

PREDICTING REACTIONS USING |ONIZATION ENERGY

|ONIZATION ENERGIES ARE NOT JUST THEORETICAL VALUES; THEY HAVE DIRECT IMPLICATIONS FOR PREDICTING HOW ELEMENTS
WILL BEHAVE IN CHEMICAL REACTIONS. ELEMENTS WITH LOW IONIZATION ENERGIES ARE MORE PRONE TO LOSING ELECTRONS,
MAKING THEM GOOD REDUCING AGENTS AND LIKELY TO FORM IONIC COMPOUNDS BY LOSING ELECTRONS TO NONMETALS.

For INSTANCE, ALKALI METALS (GROUP -l) HAVE VERY LOW FIRST IONIZATION ENERGIES. THIS MAKES THEM HIGHLY REACTIVE
AND EAGER TO LOSE THEIR SINGLE VALENCE ELECTRON TO FORM + 1 IONS, READILY PARTICIPATING IN REACTIONS WHERE THEY
DONATE THIS ELECTRON. CONSIDER SODIUM’'S REACTION WITH CHLORINE: SODIUM'S LOW |E FACILITATES THE DONATION OF ITS
ELECTRON TO CHLORINE, FORMING NaCL. CONVERSELY, ELEMENTS WITH HIGH IONIZATION ENERGIES, LIKE NOBLE GASES, ARE VERY
UNREACTIVE BECAUSE IT IS ENERGETICALLY UNFAVORABLE FOR THEM TO LOSE ELECTRONS. NONMETALS, WHICH GENERALLY HAVE
HIGHER IONIZATION ENERGIES THAN METALS BUT LOWER THAN NOBLE GASES, TEND TO GAIN ELECTRONS TO ACHIEVE STABLE
ELECTRON CONFIGURATIONS. THIS DRIVE TO GAIN OR LOSE ELECTRONS, DICTATED BY IONIZATION ENERGIES, UNDERPINS MUCH OF
CHEMICAL BONDING AND REACTIVITY.

ADVANCED |ONIZATION ENERGY PRACTICE PROBLEMS

BEYOND BASIC TREND ANALYSIS AND SUCCESSIVE IONIZATION ENERGY INTERPRETATIONS, ADVANCED PROBLEMS MAY INVOLVE
COMPARING IONIZATION ENERGIES OF IONS OR PREDICTING RELATIVE ENERGIES BASED ON SUBTLE ELECTRON CONFIGURATION
DIFFERENCES.

CONSIDER THE IONIZATION ENERGIES OF AN ELEMENT M AND ITS ION M+. YOU MIGHT BE ASKED TO COMPARE THE FIRST
IONIZATION ENERGY OF M WITH THE SECOND IONIZATION ENERGY OF M+. REMEMBER THAT THE SECOND IONIZATION ENERGY OF M
IS EQUIVALENT TO THE FIRST IONIZATION ENERGY OF M+. [F M HAS A STABLE ELECTRON CONFIGURATION (E.G., A FULL OUTER
SHELL), ITS FIRST IONIZATION ENERGY MIGHT BE HIGH. HO\X/EVER, M+ WOULD THEN HAVE A MORE STABLE CONFIGURATION <E.G.,
LOSING AN ELECTRON TO BECOME A NOBLE GAS CONFIGURATION), MAKING ITS FIRST IONIZATION ENERGY (\X/HICH Is |E2 oF M)
POTENTIALLY LOWER THAN EXPECTED IF M ITSELF HAD AN UNSTABLE CONFIGURATION. THESE COMPARISONS REQUIRE CAREFUL
CONSIDERATION OF THE RESULTING ELECTRON CONFIGURATIONS AFTER ELECTRON REMOVAL.

ANOTHER TYPE OF ADVANCED PROBLEM MIGHT INVOLVE ISOELECTRONIC SPECIES = ATOMS OR IONS THAT HAVE THE SAME
NUMBER OF ELECTRONS. FOR EXAMPLE, O”2-, F*- Ng, Na+, MG"2+, AL"3+. TO COMPARE THEIR IONIZATION ENERGIES
(SPECIFICALLY, THE ENERGY TO REMOVE AN ELECTRON FROM THE NEUTRAL SPECIES OR THE NEXT AVAILABLE ELECTRON FROM THE
ION), YOU WOULD ANALYZE THE NUCLEAR CHARGE. THE SPECIES WITH THE HIGHEST NUCLEAR CHARGE WILL HOLD ITS ELECTRONS
MOST TIGHTLY, REQUIRING THE MOST ENERGY FOR IONIZATION, ASSUMING SIMILAR ELECTRON CONFIGURATIONS.



TIPS FOR SOLVING |ONIZATION ENERGY PRACTICE PROBLEMS

EFFECTIVE PROBLEM-SOLVING HINGES ON A SYSTEMATIC APPROACH AND A SOLID UNDERSTANDING OF THE UNDERLYING
PRINCIPLES. HERE ARE SOME PRACTICAL TIPS TO HELP YOU EXCEL AT IONIZATION ENERGY PRACTICE PROBLEMS.

e MASTER THE PerIoDIC T ABLE: BE INTIMATELY FAMILIAR WITH THE LAYOUT OF THE PERIODIC TABLE, INCLUDING THE
GENERAL LOCATIONS OF METALS, NONMETALS, METALLOIDS, AND NOBLE GASES. KNOWING THE GROUP AND PERIOD OF AN
ELEMENT IS THE FIRST STEP.

o UNDERSTAND THE FACTORS: DEEPLY INTERNALIZE THE ROLES OF NUCLEAR CHARGE, ELECTRON SHIELDING, ATOMIC RADIUS,
AND ELECTRON CONFIGURATION. THESE ARE THE BUILDING BLOCKS FOR EXPLAINING ALL TRENDS AND ANOMALIES.

o DrAW ELECTRON CONFIGURATIONS: FOR PROBLEMS INVOLVING ANOMALIES OR ION FORMATION, ALWAYS WRITE OUT
THE ELECTRON CONFIGURATION OF THE ATOM OR ION IN QUESTION. THIS IS CRUCIAL FOR IDENTIFYING FILLED/HALF‘FILLED
SUBSHELLS AND UNDERSTANDING ELECTRON REMOVAL FROM SPECIFIC ORBITALS.

o Look FOr THE “BIG JUMP": IN SUCCESSIVE IONIZATION ENERGY PROBLEMS, TRAIN YOUR EYE TO SPOT THE MOST
SIGNIFICANT ENERGY GAP. THIS JUMP IS YOUR PRIMARY INDICATOR OF THE NUMBER OF VALENCE ELECTRONS.

o CoMPARE AND CONTRAST: WHEN RANKING IONIZATION ENERGIES, DONIT_JUST LOOK AT ONE FACTOR. CONSIDER HOW
NUCLEAR CHARGE AND DISTANCE FROM THE NUCLEUS (RELATED TO ATOMIC RADIUS AND SHIELDING) BALANCE EACH OTHER
OUT.

e CHECk YOUR ASSUMPTIONS: IF A PROBLEM SEEMS COUNTERINTUITIVE, RETEXAMINE THE ELECTRON CONFIGURATIONS AND
THE IMPACT OF ELECTRON SHIELDING. ANOMALIES ARE OFTEN EXPLAINED BY THE STABILITY OF SPECIFIC SUBSHELLS.

® PRACTICE REGULARLY: THE MORE IONIZATION ENERGY PRACTICE PROBLEMS YOU WORK THROUGH, THE MORE PATTERNS
YOU WILL RECOGNIZE, AND THE FASTER AND MORE ACCURATELY YOU WILL BE ABLE TO SOLVE THEM.

FAQ

Q: WHAT IS THE PRIMARY REASON FOR THE INCREASE IN IONIZATION ENERGY ACROSS A
PERIOD?

A: THE PRIMARY REASON FOR THE INCREASE IN IONIZATION ENERGY ACROSS A PERIOD IS THE INCREASING NUCLEAR CHARGE. AS
YOU MOVE FROM LEFT TO RIGHT, THE NUMBER OF PROTONS IN THE NUCLEUS INCREASES, LEADING TO A STRONGER ATTRACTIVE
FORCE ON THE VALENCE ELECTRONS. ALTHOUGH ELECTRONS ARE ADDED TO THE SAME PRINCIPAL ENERGY LEVEL AND SHIELDING
EFFECT FROM INNER ELECTRONS REMAINS SIMILAR, THE INCREASED POSITIVE CHARGE OF THE NUCLEUS PULLS THE VALENCE
ELECTRONS MORE TIGHTLY, REQUIRING MORE ENERGY TO REMOVE THEM.

Q: How DOES ELECTRON SHIELDING AFFECT IONIZATION ENERGY?

A: ELECTRON SHIELDING, OR THE SCREENING EFFECT, REDUCES THE EFFECTIVE NUCLEAR CHARGE EXPERIENCED BY VALENCE
ELECTRONS. INNER ELECTRONS REPEL THE OUTER ELECTRONS, LESSENING THE ATTRACTION FROM THE NUCLEUS. THEREFORE,
HIGHER DEGREES OF ELECTRON SHIELDING, TYPICALLY FOUND IN LARGER ATOMS WITH MORE ELECTRON SHELLS, LEAD TO LOWER
IONIZATION ENERGIES BECAUSE THE VALENCE ELECTRONS ARE HELD LESS TIGHTLY.

Q: \WHAT DOES A LARGE JUMP IN SUCCESSIVE IONIZATION ENERGIES SIGNIFY?

A: A LARGE JUMP IN SUCCESSIVE IONIZATION ENERGIES SIGNIFIES THE REMOVAL OF AN ELECTRON FROM A MUCH MORE STABLE,
INNER ELECTRON SHELL. W/HEN ALL VALENCE ELECTRONS HAVE BEEN REMOVED, AND THE NEXT ELECTRON COMES FROM A FILLED OR
NEARLY FILLED CORE ELECTRON SHELL, THE ENERGY REQUIRED FOR ITS REMOVAL IS SIGNIFICANTLY HIGHER DUE TO THE STRONGER



ATTRACTION FROM THE NUCLEUS AND THE GREATER STABILITY OF THAT INNER SHELL CONFIGURATION. THIS JUMP HELPS
DETERMINE THE NUMBER OF VALENCE ELECTRONS AN ELEMENT HAS.

Q: \WHY DO NOBLE GASES HAVE VERY HIGH IONIZATION ENERGIES?

A: NOBLE GASES HAVE VERY HIGH IONIZATION ENERGIES BECAUSE THEY POSSESS EXCEPTIONALLY STABLE ELECTRON
CONFIGURATIONS, SPECIFICALLY A COMPLETE VALENCE ELECTRON SHELL (NS2NP6>. REMOVING AN ELECTRON FROM SUCH A
STABLE ARRANGEMENT IS ENERGETICALLY VERY UNFAVORABLE, REQUIRING A LARGE AMOUNT OF ENERGY TO DISRUPT THIS
ELECTRONIC STABILITY.

Q: CAN IONIZATION ENERGY BE USED TO PREDICT THE TYPE OF BOND AN ELEMENT WILL
FORMP

A: YES, IONIZATION ENERGY PROVIDES CLUES ABOUT THE TYPE OF BOND AN ELEMENT IS LIKELY TO FORM. ELEMENTS WITH VERY
LOW IONIZATION ENERGIES READILY LOSE ELECTRONS AND TEND TO FORM IONIC BONDS WITH ELEMENTS THAT HAVE HIGH
ELECTRON AFFINITIES (TENDENCY TO GAIN ELECTRONS). ELEMENTS WITH INTERMEDIATE IONIZATION ENERGIES AND MODERATE
ELECTRON AFFINITIES ARE MORE LIKELY TO FORM COVALENT BONDS BY SHARING ELECTRONS.

QI How DOES ATOMIC RADIUS RELATE TO IONIZATION ENERGY?

A: ATOMIC RADIUS AND IONIZATION ENERGY ARE INVERSELY RELATED. AS THE ATOMIC RADIUS INCREASES, THE VALENCE
ELECTRONS ARE FURTHER FROM THE NUCLEUS, AND THE ATTRACTIVE FORCE BETWEEN THE NUCLEUS AND THESE ELECTRONS IS
\WEAKER. CONSEQUENTLY, LESS ENERGY IS REQUIRED TO REMOVE AN ELECTRON, LEADING TO A LOWER IONIZATION ENERGY.

Q: WHAT ARE ISOELECTRONIC SPECIES?

A: |SOELECTRONIC SPECIES ARE ATOMS OR IONS THAT HAVE THE SAME NUMBER OF ELECTRONS. FOR EXAMPLE, O~ F~ NE,
NAa*, AND MG2* ARE ISOELECTRONIC AS THEY ALL HAVE 10 ELECTRONS. \W/HEN COMPARING THE IONIZATION ENERGIES OF
ISOELECTRONIC SPECIES, THE ONE WITH THE HIGHEST NUCLEAR CHARGE (MOST PROTONS) WILL HOLD ITS ELECTRONS MOST
TIGHTLY AND THUS HAVE THE HIGHEST IONIZATION ENERGY.
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