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UNDERSTANDING THE BEHAVIOR OF ELECTRONS IN ATOMS IS FUNDAMENTAL TO CHEMISTRY AND PHYSICS. W/HEN AN ATOM
UNDERGOES IONIZATION — THE PROCESS OF REMOVING ELECTRONS — IT IS ESSENTIAL TO KNOW FROM WHICH ORBITAL THE
ELECTRONS ARE MOST LIKELY TO BE REMOVED FIRST. FOR LITHIUM, A SIMPLE ALKALI METAL WITH THE ATOMIC NUMBER 3, THIS
QUESTION BECOMES PARTICULARLY INTERESTING BECAUSE OF ITS ELECTRON CONFIGURATION AND THE ENERGY LEVELS INVOLVED.
IN THIS ARTICLE, WE WILL EXPLORE THE PRINCIPLES THAT GOVERN ELECTRON REMOVAL, ANALYZE THE ELECTRON CONFIGURATION
OF LITHIUM, AND DETERMINE THE ORBITAL FROM WHICH ELECTRONS ARE MOST READILY REMOVED DURING IONIZATION.

ELecTRON CONFIGURATION OF LITHIUM

T O COMPREHEND WHICH ELECTRON IS REMOVED FIRST FROM LITHIUM, IT IS CRUCIAL TO UNDERSTAND ITS ELECTRON
CONFIGURATION.

GROUND STATE ELECTRON CONFIGURATION

LITHIUM’S ATOMIC NUMBER IS 3, MEANING IT HAS THREE ELECTRONS. THE DISTRIBUTION OF THESE ELECTRONS IN ATOMIC
ORBITALS IS AS FOLLOWS:

- THE FIRST TWO ELECTRONS OCCUPY THE 1S ORBITAL.
- THE THIRD ELECTRON OCCUPIES THE 25 ORBITAL.

EXPRESSED IN ELECTRON CONFIGURATION NOTATION, LITHIUM’S GROUND STATE CONFIGURATION IS:
152 25!
THIS CONFIGURATION INDICATES THAT:

- THE 15 ORBITAL IS FULLY OCCUPIED WITH TWO ELECTRONS.
- THE 25 ORBITAL HAS A SINGLE ELECTRON, WHICH IS THE OUTERMOST ELECTRON, OFTEN CALLED THE VALENCE ELECTRON.

V ALENCE AND CoRE ELECTRONS

IN LITHIUM:
- THE 1S ELECTRONS ARE CONSIDERED CORE ELECTRONS BECAUSE THEY ARE CLOSER TO THE NUCLEUS AND MORE TIGHTLY
BOUND.

- THE 25 ELECTRON IS THE VALENCE ELECTRON BECAUSE IT IS IN THE OUTERMOST SHELL AND PRIMARILY INVOLVED IN CHEMICAL
BONDING AND IONIZATION PROCESSES.

PRINCIPLES GOVERNING ELECTRON REMOVAL

THE PROCESS OF REMOVING ELECTRONS FROM AN ATOM IS INFLUENCED BY SEVERAL FACTORS AND PRINCIPLES ROOTED IN



QUANTUM MECHANICS AND ATOMIC PHYSICS.

|ONIZATION ENERGY

- THE ENERGY REQUIRED TO REMOVE AN ELECTRON FROM AN ATOM IN ITS GASEOUS STATE IS CALLED THE IONIZATION ENERGY.
- THE LOWER THE IONIZATION ENERGY, THE EASIER IT IS TO REMOVE THAT ELECTRON.

ENERGY LEVELS AND ORBITAL PENETRATION

- ELECTRONS IN ORBITALS FARTHER FROM THE NUCLEUS GENERALLY HAVE HIGHER ENERGY AND ARE LESS TIGHTLY BOUND.
- ELECTRONS IN ORBITALS WITH GREATER PENETRATION (CLOSER TO THE NUCLEUS) ARE MORE TIGHTLY BOUND DUE TO THE
ELECTROSTATIC ATTRACTION.

ELECTRON SHIELDING AND EFFECTIVE NUCLEAR CHARGE

- INNER ELECTRONS SHIELD OUTER ELECTRONS FROM THE FULL POSITIVE CHARGE OF THE NUCLEUS.
- THE EFFECTIVE NUCLEAR CHARGE (Z_EFF) EXPERIENCED BY AN ELECTRON INFLUENCES ITS IONIZATION ENERGY;, ELECTRONS
EXPERIENCING HIGHER Z_EFF ARE HARDER TO REMOVE.

W/ HICH ELECTRON |Is REMOVED FIRST IN LITHIUM?

GIVEN THESE PRINCIPLES, WE NOW ANALYZE THE SPECIFIC CASE OF LITHIUM.

loNIZATION OF LITHIUM: FIRST ELECTRON REMOVAL

- THE FIRST ELECTRON REMOVED FROM LITHIUM IS MOST LIKELY TO BE THE OUTERMOST ELECTRON, ILE., THE 2S ELECTRON.
- THIS IS BECAUSE THE 25 ELECTRON IS LESS TIGHTLY BOUND THAN THE 1S ELECTRONS DUE TO ITS HIGHER ENERGY LEVEL AND
GREATER DISTANCE FROM THE NUCLEUS.

EVIDENCE FROM |ONIZATION ENERGIES

- EMPIRICAL DATA SHOWS THAT LITHIUM’S FIRST IONIZATION ENERGY IS APPROXIMATELY 520 KkJ/MoL.

- THE SECOND IONIZATION ENERGY (REMOVING THE SECOND ELECTRON AFTER THE FIRST HAS BEEN REMOVED) JUMPS SIGNIFICANTLY
To ABoUT 7298 kJ/MoL.

- THIS LARGE INCREASE INDICATES THAT THE FIRST ELECTRON REMOVED IS FROM A LESS STABLE, HIGHER-ENERGY ORBITAL (THE
25 ORBITAL), WHEREAS REMOVING A CORE 1S ELECTRON WOULD REQUIRE MUCH MORE ENERGY.

ConNcLusIoN oN OrBITAL REMOVAL

- THE INITIAL ELECTRON REMOVAL OCCURS FROM THE VALENCE 2S ORBITAL.
- REMOVING THE 2S ELECTRON RESULTS IN A LITHIUM ION WITH A NOBLE GAS CONFIGURATION (HE‘LIKE), WHICH IS
PARTICULARLY STABLE.

ADDITIONAL CONSIDERATIONS AND CLARIFICATIONS

W/HILE THE PRIMARY CONSIDERATION IS THE ENERGY LEVEL AND IONIZATION ENERGY, THERE ARE OTHER NUANCES WORTH
UNDERSTANDING.



ExcITeED STATES AND ELECTRON REMOVAL

- |F THE LITHIUM ATOM IS IN AN EXCITED STATE, THE ELECTRON REMOVAL PROCESS MAY DIFFER.
- BUT UNDER STANDARD CONDITIONS, THE REMOVAL FROM THE VALENCE 25 ORBITAL REMAINS THE MOST FAVORABLE.

MuULTIPLE |ONIZATION PROCESSES

- SEQUENTIAL IONIZATION INVOLVES REMOVING ELECTRONS ONE AFTER ANOTHER.
- THE SECOND ELECTRON REMOVAL FROM LITHIUM INVOLVES REMOVING ONE OF THE CORE ELECTRONS, WHICH REQUIRES
SIGNIFICANTLY MORE ENERGY.

CoMPARISON WITH OTHER ALKALI METALS

- SIMILAR TRENDS ARE OBSERVED IN OTHER ALKAL| METALS.
- THE OUTERMOST S-ELECTRON IS REMOVED FIRST, WITH IONIZATION ENERGIES INCREASING SHARPLY AFTER THE VALENCE
ELECTRON IS REMOVED.

SUMMARY AND KEY T AKEAWAYS

- THE ELECTRON CONFIGURATION OF LITHIUM IS 152 25,

- THE OUTERMOST ELECTRON (THE VALENCE 25 ELECTRON) IS THE EASIEST TO REMOVE DUE TO ITS HIGHER ENERGY AND LOWER
IONIZATION ENERGY.

- THE FIRST IONIZATION ENERGY CORRESPONDS TO REMOVING THIS 25 ELECTRON.

- THE REMOVAL OF ELECTRONS FROM CORE ORBITALS (15) REQUIRES SIGNIFICANTLY MORE ENERGY AND IS LESS LIKELY DURING
INITIAL IONIZATION.

FINAL THOUGHTS

UNDERSTANDING WHICH ORBITAL ELECTRONS ARE REMOVED FROM DURING IONIZATION IS ESSENTIAL IN FIELDS RANGING FROM
QUANTUM CHEMISTRY TO MATERIAL SCIENCE. FOR LITHIUM, THE SIMPLICITY OF ITS ELECTRON CONFIGURATION MAKES IT AN IDEAL
EXAMPLE: THE OUTERMOST 2S ELECTRON IS REMOVED FIRST BECAUSE IT IS LEAST TIGHTLY BOUND AND REQUIRES THE LEAST
ENERGY TO DETACH. THIS BEHAVIOR EXEMPLIFIES THE GENERAL TREND IN ALKALI METALS AND HIGHLIGHTS THE IMPORTANCE OF
ELECTRON ENERGY LEVELS, SHIELDING, AND EFFECTIVE NUCLEAR CHARGE IN DETERMINING IONIZATION PROCESSES.

IN SUMMARY, WHEN ELECTRONS ARE REMOVED FROM A LITHIUM ATOM, THEY ARE REMOVED FIRST FROM THE 25 ORBITAL. THIS

FUNDAMENTAL PRINCIPLE NOT ONLY EXPLAINS LITHIUM’S CHEMICAL REACTIVITY BUT ALSO PROVIDES A BASIS FOR
UNDERSTANDING IONIZATION PHENOMENA ACROSS THE PERIODIC TABLE.

FREQUENTLY AskeD QUESTIONS

\W/HEN ELECTRONS ARE REMOVED FROM A LITHIUM ATOM , FROM WHICH ORBITAL ARE
THEY REMOVED FIRST?

THEY ARE REMOVED FIRST FROM THE 2S ORBITAL, WHICH IS THE OUTERMOST ORBITAL IN LITHIUM.

W/HY ARE ELECTRONS REMOVED FIRST FROM THE 2S ORBITAL IN LITHIUM DURING



IONIZATION?

BECAUSE THE 25 ELECTRON IS THE OUTERMOST AND HAS THE HIGHEST ENERGY LEVEL, MAKING IT EASIER TO REMOVE.

DOES THE REMOVAL OF ELECTRONS FROM LITHIUM AFFECT ITS ELECTRONIC
CONFIGURATION? How?

YES, REMOVING ELECTRONS FROM LITHIUM REDUCES ITS ATOMIC NUMBER AND CHANGES ITS ELECTRONIC CONFIGURATION,
TYPICALLY FROM 15225’ To 152 AFTER THE FIRST IONIZATION.

IN TERMS OF ENERGY, WHY IS THE 2S ELECTRON REMOVED BEFORE THE 1S ELECTRONS IN
LITHIUM?

BECAUSE THE 25 ELECTRONS ARE FARTHER FROM THE NUCLEUS AND EXPERIENCE LESS ELECTROSTATIC ATTRACTION, REQUIRING
LESS ENERGY TO REMOVE.

How DOES THE CONCEPT OF IONIZATION ENERGY RELATE TO WHICH ORBITAL ELECTRONS
ARE REMOVED FROM IN LITHIUM?P

ELECTRONS ARE REMOVED FROM THE ORBITAL WITH THE LOWEST IONIZATION ENERGY, WHICH FOR LITHIUM IS THE 2s ORBITAL,
AS IT IS THE OUTERMOST AND LEAST TIGHTLY BOUND.

IS THE REMOVAL OF ELECTRONS FROM LITHIUM'S 2S ORBITAL CONSISTENT WITH THE
AUFBAU PRINCIPLE?

YES, ELECTRONS ARE REMOVED FROM THE OUTERMOST (HIGHEST ENERGY) ORBITAL FIRST, WHICH IS THE 2SN LITHIUM, ALIGNING
WITH THE AUFBAU PRINCIPLE.

W/HAT IS THE SIGNIFICANCE OF UNDERSTANDING WHICH ORBITAL ELECTRONS ARE
REMOVED FROM DURING IONIZATION OF LITHIUM?

[T HELPS IN UNDERSTANDING CHEMICAL REACTIVITY, ION FORMATION, AND ENERGY REQUIREMENTS FOR IONIZATION, WHICH ARE
FUNDAMENTAL IN CHEMISTRY AND MATERIALS SCIENCE.

ADDITIONAL RESOURCES

W/HEN ELECTRONS ARE REMOVED FrROM A LITHIUM AToM, THEY ARE REMOVED FIRST FRoM WHICH ORBITAL?

INTRODUCTION

UNDERSTANDING THE BEHAVIOR OF ELECTRONS IN ATOMS IS FUNDAMENTAL TO THE STUDY OF CHEMISTRY AND PHYSICS. AMONG
THE ELEMENTS, LITHIUM HOLDS PARTICULAR INTEREST DUE TO ITS SIMPLE ELECTRONIC STRUCTURE AND ITS ROLE AS THE FIRST
ELEMENT IN THE ALKALI METAL GROUP. A KEY QUESTION IN ATOMIC PHYSICS AND CHEMISTRY IS: W/HEN ELECTRONS ARE REMOVED
FROM A LITHIUM ATOM, THEY ARE REMOVED FIRST FROM WHICH ORBITAL? THIS QUESTION TOUCHES UPON CORE PRINCIPLES OF
ATOMIC STRUCTURE, ELECTRON CONFIGURATION, AND IONIZATION PROCESSES.

IN THIS COMPREHENSIVE REVIEW, WE DELVE INTO THE ELECTRONIC STRUCTURE OF LITHIUM, ANALYZE THE PRINCIPLES GOVERNING
ELECTRON REMOVAL, AND EXPLORE EXPERIMENTAL AND THEORETICAL INSIGHTS INTO THE SEQUENCE OF ELECTRON REMOVAL FROM
DIFFERENT ATOMIC ORBITALS.



THE ELECTRONIC STRUCTURE OF LITHIUM
BEFORE EXAMINING IONIZATION, IT IS ESSENTIAL TO UNDERSTAND LITHIUM'S ELECTRONIC CONFIGURATION:

- AToMIc NUMBER: 3
- GROUND STATE ELECTRON CONFIGURATION: 152 25!

THIS CONFIGURATION INDICATES THAT LITHIUM HAS TWO ELECTRONS IN THE 1S ORBITAL, WHICH ARE TIGHTLY BOUND TO THE
NUCLEUS, AND A SINGLE ELECTRON IN THE 2s ORBITAL, WHICH IS MORE LOOSELY HELD.

|oNIZATION AND ELECTRON REMOVAL: BASIc PRINCIPLES

|ONIZATION ENERGY IS THE ENERGY REQUIRED TO REMOVE AN ELECTRON FROM A NEUTRAL ATOM IN ITS GROUND STATE. |T
REFLECTS THE STRENGTH OF THE ELECTROSTATIC ATTRACTION BETWEEN THE NUCLEUS AND THE ELECTRONS. THE LOWER THE
IONIZATION ENERGY, THE EASIER IT IS TO REMOVE AN ELECTRON.

THE PROCESS GENERALLY FOLLOWS CERTAIN PRINCIPLES:

- ELECTRONS ARE REMOVED FROM THE HIGHEST ENERGY ORBITAL FIRST.
- ELECTRONS IN ORBITALS FARTHER FROM THE NUCLEUS ARE LESS TIGHTLY BOUND.
- ELECTRON-ELECTRON INTERACTIONS AND SHIELDING EFFECTS INFLUENCE THE ORDER.

IN MULTI-ELECTRON ATOMS, THE REMOVAL SEQUENCE IS GOVERNED BY THE ENERGETIC STABILITY OF ELECTRONS, THE SHIELDING
OF INNER ELECTRONS, AND THE EFFECTIVE NUCLEAR CHARGE EXPERIENCED BY EACH ELECTRON.

THE SEQUENCE OF ELECTRON REMOVAL IN LITHIUM
THEORETICAL PERSPECTIVE

FOR LITHIUM, WITH ITS SIMPLE ELECTRONIC STRUCTURE, THE QUESTION REDUCES TO: W/HICH ORBITAL’'S ELECTRON IS EASIEST
TO REMOVE?

- THE 1S ELECTRONS ARE HIGHLY STABILIZED BY THEIR PROXIMITY TO THE NUCLEUS, EXPERIENCING A HIGH EFFECTIVE NUCLEAR
CHARGE.

- THE 25 ELECTRON IS LESS TIGHTLY BOUND BECAUSE IT IS FARTHER FROM THE NUCLEUS AND EXPERIENCES SHIELDING FROM THE
1S ELECTRONS.

GIVEN THESE CONSIDERATIONS, THE OUTERMOST ELECTRON—THE 2S5 ELECTRON—IS REMOVED FIRST DURING IONIZATION.
EXPERIMENTAL EVIDENCE

- PHOTOELECTRON SPECTROSCOPY (PES) EXPERIMENTS USING PHOTON IMPACT REVEAL PEAKS CORRESPONDING TO ELECTRONS
EJECTED FROM DIFFERENT ORBITALS.

- THE FIRST IONIZATION ENERGY CORRESPONDS TO REMOVING THE 2S ELECTRON.

- SUBSEQUENT IONIZATION (IF PERFORMED) WOULD INVOLVE REMOVING THE INNER 1S ELECTRONS, WHICH REQUIRES
SIGNIFICANTLY HIGHER ENERGY.

EMPIRICAL DATA:

| lonizaTION STEP | ELECTRON REMOVED | APPROXIMATE lONIZATION ENERGY (EV) | ORBITAL OF ELECTRON REMOVED
e T e ERE e |

| FirsT | 25 ELEcTRON | 5.39 | 25 |

| Seconp | 1s ELECTRON | ~75.6 | 15|

THIS DATA CONFIRMS THAT THE OUTERMOST ELECTRON—LOCATED IN THE 2S5 ORBITAL—IS REMOVED FIRST.



Deep DIVE: WHY IS THE 25 ELECTRON REMOVED FIRST?
ErFecTIVE NUCLEAR CHARGE AND SHIELDING

- THE EFFECTIVE NUCLEAR CHARGE (Z_EFF) EXPERIENCED BY AN ELECTRON IS LESS THAN THE ACTUAL NUCLEAR CHARGE DUE TO
SHIELDING BY OTHER ELECTRONS.

- IN LITHIUM, THE 15 ELECTRONS SHIELD THE 2S ELECTRON FROM THE NUCLEUS, REDUCING Z_EFF FOR THE 2S5 ELECTRON.

- THE 1S ELECTRONS ARE STRONGLY ATTRACTED AND ARE CLOSE TO THE NUCLEUS, MAKING THEIR REMOV AL ENERGETICALLY
COSTLY.

ORBITAL ENERGY LEVELS

- IN HYDROGEN-LIKE SYSTEMS, THE ENERGY OF AN ORBITAL DEPENDS PRIMARILY ON THE PRINCIPAL QUANTUM NUMBER (N).

- FOR MULTI-ELECTRON ATOMS, ELECTRON-ELECTRON INTERACTIONS MODIFY THESE ENERGY LEVELS.

- THE 25 ORBITAL IN LITHIUM HAS HIGHER ENERGY (LESS NEGATIVE) COMPARED TO THE 1S ORBITALS, MAKING IT EASIER TO
REMOVE.

SCREENING AND ELECTRON-ELECTRON REPULSION

- THE 25 ELECTRON EXPERIENCES LESS ELECTROSTATIC ATTRACTION DUE TO THE INNER 1S ELECTRONS.
- REMOVING THE 2S ELECTRON REDUCES ELECTRON-ELECTRON REPULSION AND STABILIZES THE ION.

THE RoLE oF QUANTUM MECHANICAL PRINCIPLES
QUANTUM MECHANICS FUNDAMENTALLY DICTATES THE BEHAVIOR OF ELECTRONS IN ATOMS:

- PauLl ExcLusioN PRINCIPLE: NO TWO ELECTRONS CAN OCCUPY THE SAME QUANTUM STATE SIMULTANEOUSLY.
- HunD’s RULE: ELECTRONS FILL DEGENERATE ORBITALS SINGLY BEFORE PAIRING.
- AUFBAU PRINCIPLE: ELECTRONS OCCUPY THE LOWEST AVAILABLE ENERGY ORBITALS.

THESE PRINCIPLES EXPLAIN THE INITIAL CONFIGURATION AND THE PREFERENCE FOR REMOVING ELECTRONS FROM THE HIGHEST-
ENERGY, LEAST STABILIZED ORBITALS FIRST.

IMPLICATIONS FOR CHEMICAL REACTIVITY AND MATERIAL SCIENCE
(UNDERSTANDING WHICH ORBITAL ELECTRONS ARE REMOVED FROM DURING IONIZATION IMPACTS VARIOUS FIELDS:

- CHEMICAL REACTIVITY: LITHIUM’S TENDENCY TO LOSE ITS 2S ELECTRON MAKES IT HIGHLY REACTIVE, ESPECIALLY WITH
\WATER AND OXYGEN.

- BATTERY TECHNOLOGY: LITHIUM-ION BATTERIES RELY ON THE FACILE REMOVAL AND INSERTION OF ELECTRONS FROM LITHIUM'S
OUTERMOST ORBITAL.

- SPECTROSCOPIC CHARACTERIZATION: KNOWLEDGE OF IONIZATION ENERGIES AIDS IN INTERPRETING SPECTROSCOPIC DATA,
CRUCIAL FOR MATERIAL IDENTIFICATION.

SUMMARY AND CONCLUSIONS
IN SUMMARY, WHEN ELECTRONS ARE REMOVED FROM A LITHIUM ATOM:
- THE OUTERMOST ELECTRON IN THE 2S ORBITAL IS REMOVED FIRST.

- THIS PROCESS IS DRIVEN BY THE RELATIVE ENERGIES OF THE ORBITALS, SHIELDING EFFECTS, AND EFFECTIVE NUCLEAR CHARGE.
- THE IONIZATION ENERGY FOR REMOVING THE 2S5 ELECTRON IS SIGNIFICANTLY LOWER THAN THAT FOR INNER 1S ELECTRONS,



MAKING IT ENERGETICALLY FAVORABLE.

UNDERSTANDING THIS SEQUENCE PROVIDES INSIGHT INTO LITHIUM'S CHEMICAL BEHAVIOR, ITS REACTIVITY, AND ITS ROLE IN
TECHNOLOGICAL APPLICATIONS. |T ALSO EXEMPLIFIES FUNDAMENTAL PRINCIPLES OF ATOMIC PHYSICS, ILLUSTRATING HOW
ATOMIC STRUCTURE GOVERNS ELECTRON REMOVAL PROCESSES.

FINAL REMARKS

THE CASE OF LITHIUM IS A STRAIGHTFORWARD YET ILLUSTRATIVE EXAMPLE OF ATOMIC ELECTRON REMOVAL DYNAMICS. ITS
SIMPLICITY MAKES IT AN IDEAL MODEL FOR UNDERSTANDING IONIZATION PROCESSES, WHICH EXTEND TO MORE COMPLEX ATOMS
AND MOLECULES. FUTURE RESEARCH AND ADVANCED SPECTROSCOPIC TECHNIQUES CONTINUE TO REFINE OUR UNDERSTANDING OF
THESE PROCESSES, DEEPENING OUR GRASP OF ATOMIC AND MOLECULAR PHYSICS.
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