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UNDERS T ANDING RADIOACTIVE DECAY PROCESSES IS FUNDAMENTAL IN NUCLEAR CHEMISTRY AND PHYSICS. IN THIS ARTICLE, WE
WILL EXPLORE THE DECAY OF THE RADIOACTIVE NUCLIDE BISMUTH-2 15, DENOTED AS (_83"215)BI, AND EXAMINE HOW IT
TRANSFORMS INTO POLONIUM-2 15, (_84"215)Po. WE WILL SPECIFICALLY FOCUS ON FORMULATING AND EXPLAINING THE
NUCLEAR REACTION INVOLVED IN THIS DECAY PROCESS, PROVIDING A COMPREHENSIVE OVERVIEW SUITABLE FOR STUDENTS,
EDUCATORS, AND ENTHUSIASTS INTERESTED IN NUCLEAR DECAY MECHANISMS.

INTRODUCTION TO RADIOACTIVE NUCLIDES AND DECAY PROCESSES

RADIOACTIVE NUCLIDES ARE UNSTABLE ATOMS THAT SPONTANEOUSLY EMIT RADIATION TO ATTAIN MORE STABLE
CONFIGURATIONS. THESE EMISSIONS OFTEN INVOLVE THE RELEASE OF PARTICLES SUCH AS ALPHA PARTICLES, BETA PARTICLES,
OR GAMMA RAYS. UNDERSTANDING THE SPECIFIC DECAY PATHWAYS OF THESE NUCLIDES HELPS IN VARIOUS APPLICATIONS,
INCLUDING NUCLEAR MEDICINE, RADIOMETRIC DATING, AND NUCLEAR POWER GENERATION.

OVERVIEW OF BisMuTH-215 (_83"215)BI

BisMUTH-2 15 IS A RADIOACTIVE ISOTOPE WITH AN ATOMIC NUMBER OF 83 AND A MASS NUMBER OF 2 15. |T IS PART OF THE
DECAY CHAINS INVOLVING HEAVY, UNSTABLE ELEMENTS THAT UNDERGO TRANSFORMATIONS TO REACH MORE STABLE FORMS.

- ATomic Numeer (Z): 83

- Mass Numeer (A): 215

- DECAY MoDE: BETA DECAY (MOST LIKELY, BASED ON THE CHANGE IN ATOMIC NUMBER)
- Decay ProbucT: PoLoNium-215 (8472 15)Po

UNDERSTANDING THE DECAY OF BISMUTH-2 15 IS CRUCIAL BECAUSE IT PROVIDES INSIGHTS INTO THE BEHAVIOR OF HEAVY,
UNSTABLE NUCLEI AND THE MECHANISMS BY WHICH THEY ACHIEVE STABILITY.

FORMULATING THE NUCLEAR ReacTioN oF (_83”215)Bi Decay

THE CORE FOCUS OF THIS ARTICLE IS TO WRITE AND EXPLAIN THE NUCLEAR REACTION EQUATION FOR THE DECAY OF
(_83"215)BiInTo (_84"215)Po.

STEP 1: IDENTIFYING THE DECAY TYPE

GIVEN THAT THE ATOMIC NUMBER INCREASES FROM 83 TO 84/ THE DECAY INVOLVES THE EMISSION OF A BETA PARTICLE (BETA‘
MINUS DECAY). IN BETA-MINUS DECAY, A NEUTRON WITHIN THE NUCLEUS IS TRANSFORMED INTO A PROTON, EMITTING AN
ELECTRON (BETA PARTICLE) AND AN ANTINEUTRINO.

- BETA-MINUS DECAY REACTION:
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\]
- EFFECT ON NUCLEUS:

- ATOMIC NUMBER INCREASES BY ]
- MASS NUMBER REMAINS UNCHANGED

STeEP 2: WRITING THE NUCLEAR REACTION EQUATION

BASED ON THE DECAY PROCESS:

\[
\texT{InTIAL NucLipe: } {215} {83}\mATHRM{BI}

\]

\[
\TexT{Decay: } *{215} {83}\MAaTHRM{BI} \RIGHTARROW {215} {84}\MATHRM{PO} + E"- + \BAR{\NU} E

THE NEUTRINO IS OFTEN OMITTED IN SIMPLIFIED NUCLEAR EQUATIONS, BUT FOR COMPLETENESS, IT CAN BE INCLUDED.

FULL NUCLEAR REACTION:

\[
2153 _{83}\MATHRM{BI} \ricHTARROW {215} {84}\MATHRM{PO} + €™~ + \BAR{\NU] E

\]

SIMPLIFIED REACTION (COMMON IN NUCLEAR PHYSICS)Z

\[
2153 {83}\MATHRM{BI} \riGHTARROW {215} {84}\MATHRM{PO} + \BETA"-

\]

wHERE \(\BETA"-\) REPRESENTS THE BETA PARTICLE (ELECTRON).

STeP 3: VERIFYING CONSERVATION LAWS

- AToMic NuMger (Z): 83 oN THE LEFT; 84 ON THE RIGHT (DUE TO THE PROTON FORMED)

- Mass Numger (A): 215 oN BOTH SIDES

- CHARGE: BALANCED VIA THE EMISSION OF A BETA PARTICLE

- ENERGY: THE REACTION RELEASES ENERGY AS THE NUCLEUS TRANSFORMS INTO A MORE STABLE STATE

EXPLANATION OF THE NUCLEAR REACTION

THIS NUCLEAR REACTION SIGNIFIES A BETA-MINUS DECAY PROCESS, WHERE A NEUTRON IN THE BISMUTH-2 15 NUCLEUS
TRANSFORMS INTO A PROTON, INCREASING THE ATOMIC NUMBER BY ONE, AND EMITTING A BETA PARTICLE AND AN ANTINEUTRINO.
THE RESULTING NUCLEUS, POLONIUM-2 1 5, IS MORE STABLE, ALTHOUGH IT MAY UNDERGO FURTHER DECAY PROCESSES.

KEY POINTS:

- THE DECAY INCREASES THE ATOMIC NUMBER BY ], CHANGING THE ELEMENT FROM BISMUTH TO POLONIUM.
- THE MASS NUMBER REMAINS UNCHANGED BECAUSE A NEUTRON IS CONVERTED INTO A PROTON.



- THE EMITTED BETA PARTICLE CARRIES AWAY EXCESS ENERGY, ENSURING CONSERVATION OF ENERGY AND CHARGE.
- THE DECAY PROCESS IS SPONTANEOUS AND GOVERNED BY NUCLEAR FORCES AND STABILITY CONSIDERATIONS.

APPLICATIONS AND SIGNIFICANCE OF UUNDERSTANDING THIS DECAY

KNOWING THE NUCLEAR REACTION oF (_ 83”2 15)BI DECAY IS VALUABLE IN MULTIPLE CONTEXTS:

® NUCLEAR MEDICINE: RADIOISOTOPES LIKE POLONIUM-2 15 ARE USED IN TARGETED ALPHA THERAPY FOR CANCER
TREATMENT.

* RADIOACTIVE DATING: UNDERSTANDING DECAY CHAINS HELPS IN AGE DETERMINATION OF GEOLOGICAL SAMPLES.

® NUCLEAR PHYSICS RESEARCH: STUDYING SUCH DECAY PROCESSES ENHANCES OUR UNDERSTANDING OF NUCLEAR FORCES
AND STABILITY.

FURTHERMORE/ UNDERSTANDING BETA DECAY REACTIONS LIKE THIS ONE AIDS IN THE DEVELOPMENT OF NUCLEAR MODELS AND
SIMULATIONS.

CONCLUSION

THE DECAY OF THE RADIOACTIVE NUCLIDE (_83"215)BI INTo (_84"215)Po INVOLVES A BETA-MINUS DECAY PROCESS,
WHICH CAN BE SUCCINCTLY WRITTEN AS:

\[
2153 {83}\MATHRM{BI} \ricHTARROW "{215} {84}\MATHRM{PO} + €™~ + \BAR{\NU] E

\]

THIS REACTION EXEMPLIFIES THE FUNDAMENTAL PRINCIPLES OF NUCLEAR DECAY, INCLUDING CONSERVATION OF MASS AND
CHARGE, AND ILLUSTRATES HOW UNSTABLE NUCLEI TRANSFORM INTO MORE STABLE CONFIGURATIONS. RECOGNIZING THESE
PROCESSES IS ESSENTIAL FOR ADVANCING NUCLEAR SCIENCE, MEDICAL APPLICATIONS, AND OUR UNDERSTANDING OF THE
UNIVERSE'S FUNDAMENTAL BUILDING BLOCKS.

FREQUENTLY AskeD QUESTIONS

WHAT IS THE NUCLEAR REACTION WHEN _83"215BI becays INTo _84"215Bi Po?
_83"215BIDECAYS BY BETA EMISSION TO FORM _84"215Po: _83"215Bif] _84"215Po + 8~

\WHAT TYPE OF DECAY OCCURS IN THE TRANSFORMATION oF _83"215BI To
_84"215Po?

THE DECAY INVOLVES BETA-MINUS DECAY, WHERE A NEUTRON IN BISMUTH-2 15 TRANSFORMS INTO A PROTON, EMITTING AN
ELECTRON (BETA PARTICLE).

\WHAT IS THE SIGNIFICANCE OF THE CHANGE FRoM _83"215BI To _84"215Po IN



NUCLEAR CHEMISTRY?

[T ILLUSTRATES A NEUTRON-TO-PROTON CONVERSION DURING BETA DECAY, INCREASING THE ATOMIC NUMBER BY ONE WHILE
KEEPING THE MASS NUMBER CONSTANT.

How DO YOU WRITE THE NUCLEAR REACTION FOR _ 83”2 15BI DECAYING INTO
_84"215Po?

THE REACTION IS WRITTEN AS: 8372 15BI _84"215P0o + £~ (BETA PARTICLE).

\WHAT IS THE ROLE OF BETA EMISSION IN THE DECAY oF _83"2156Br?

BETA EMISSION ALLOWS THE NEUTRON IN BISMUTH-2 15 TO CONVERT INTO A PROTON, TRANSFORMING THE ELEMENT INTO
POLONIUM-2 15.

\WHY DOES THE ATOMIC NUMBER INCREASE BY ONE DURING THIS DECAY?

BECAUSE A NEUTRON CONVERTS INTO A PROTON DURING BETA DECAY, INCREASING THE ATOMIC NUMBER BY ONE, CHANGING THE
ELEMENT FROM BISMUTH TO POLONIUM.

\WHAT IS THE IMPORTANCE OF UNDERSTANDING NUCLEAR REACTIONS LIKE_83"2156Bi
DECAYING TO _84"215Po?

UNDERSTANDING SUCH REACTIONS HELPS IN NUCLEAR PHYSICS RESEARCH, RADIOACTIVE DATING, MEDICAL APPLICATIONS, AND
NUCLEAR ENERGY DEVELOPMENT.

ADDITIONAL RESOURCES

RADIOACTIVE DECAY oF _83"215BI To _84"215BI: AN IN-DEPTH ANALYSIS

INTRODUCTION: EXPLORING THE INTRICACIES OF RADIOACTIVE DECAY

IN THE FASCINATING REALM OF NUCLEAR PHYSICS, RADIOACTIVE DECAY SERVES AS A FUNDAMENTAL PROCESS THAT UNDERPINS A
WIDE ARRAY OF SCIENTIFIC AND TECHNOLOGICAL APPLICATIONS. AMONG THE MANY ISOTOPES STUDIED, BISMUTH ISOTOPES
STAND OUT DUE TO THEIR INTRIGUING DECAY PATHWAYS AND THEIR SIGNIFICANCE IN UNDERSTANDING NUCLEAR STABILITY,
DECAY CHAINS, AND NUCLEAR MODELS. TODAY, WE FOCUS ON THE DECAY PROCESS OF THE ISOToPE _83"215BI
(BisMuTH-215) INTo _84"215B1 (PoLoNIUM-2 15), EXPLORING THE NUCLEAR REACTIONS INVOLVED, THEIR MECHANISMS,
AND THEIR IMPLICATIONS.

UNDERSTANDING THE IsoTopes: _83"215Bi1 anp _84"215Bi

BEFORE DELVING INTO THE DECAY PROCESS, IT IS ESSENTIAL TO UNDERSTAND THE BASIC CHARACTERISTICS OF THE INVOLVED
ISOTOPES.



BismutH-215 (_83"215B1)

- Atomic Numger (Z): 83

- Mass Numeer (A): 215

- NucLear CoMPosITION: 83 PROTONS, 132 NEUTRONS

- STABILITY: RADIOACTIVE, WITH A RELATIVELY SHORT HALF-LIFE (EXACT HALF-LIFE DEPENDS ON EXPERIMENTAL DATA, OFTEN
IN THE ORDER OF SECONDS TO MINUTES FOR SUCH ISOTOPES)

- PosiTioN IN THE NUCLEAR CHART: NEAR THE TAIL END OF THE ACTINIDES, CLOSE TO THE REGION OF NUCLEAR STABILITY BUT
PRONE TO DECAY DUE TO EXCESS NEUTRONS OR PROTONS.

PoLoniuM-215 (_84"2156P0o)

- Atomic Numger (Z2): 84

- Mass Numeer (A): 215

- NucLEArR CoMPosITION: 84 PROTONS, 13 1 NEUTRONS

- STABILITY: ALSO RADIOACTIVE, BUT GENERALLY MORE STABLE THAN ITS PRECURSOR; OFTEN A DECAY PRODUCT IN THE
URANIUM OR THORIUM DECAY CHAINS.

THe NUCLEAR ReAcTION: DEcAY oF _83"215BiI To _84"215Po

Tvyre oF DEcAY: BeTA Decay (8*- DECAY)

THE TRANSITION FROM _ 8372 15B1 To _84"2 15P0 PREDOMINANTLY OCCURS VIA BETA-MINUS DECAY. THIS PROCESS
INVOLVES THE TRANSFORMATION OF A NEUTRON INTO A PROTON WITHIN THE NUCLEUS, ACCOMPANIED BY THE EMISSION OF A
BETA PARTICLE (ELECTRON) AND AN ANTINEUTRINO.

\WHY DOES THIS DECAY OCCUR?
IN_83"215BI, THE NEUTRON-TO-PROTON RATIO EXCEEDS THE STABLE RATIO, MAKING THE NUCLEUS NEUTRON-RICH AND

UNSTABLE. TO REACH A MORE STABLE CONFIGURATION, THE NUCLEUS UNDERGOES BETA-MINUS DECAY, INCREASING ITS ATOMIC
NUMBER BY ONE WHILE KEEPING THE MASS NUMBER CONSTANT.

WRITING THE NUCLEAR REACTION

BAsic REacTION EQUATION

THE DECAY PROCESS CAN BE SUMMARIZED AS:

\[
2153 {833\ 1exT{Bi} \rigHTARROW \, {215} {84}\TexT{Po} + \BeTA"- + \BAR{\NU} E
\]

IN THIS NOTATION:



-\("{2153_{83}\1exT{Bi}\): BisMuTH-2 15 NUCLEUS
-\("{2153 _{84}\1exT{Po}\): PoLoNiuM-2 15 NUCLEUS
- \(\BeTA"-\): ELECTRON EMITTED DURING DECAY

- \(\BAR{\NU} E\): ELECTRON ANTINEUTRINO

ExpPANDED NUCLEAR REACTION

THE DETAILED NUCLEAR REACTION, CONSIDERING NUCLEON COUNT:

\[
2153 {833\ 1exT{Bi} \rigHTARROW \, *{215}_{84}\TexT{Po} + "~ + \BAR{\NU}_E
\]

HERE, THE ATOMIC NUMBER INCREASES FROM 83 TO 84, REFLECTING THE CONVERSION OF A NEUTRON INTO A PROTON, WITH THE
ATOMIC MASS REMAINING UNCHANGED AT 2 15.

NoTE: THE EMISSION OF THE BETA PARTICLE AND ANTINEUTRINO ENSURES CONSERVATION OF CHARGE, LEPTON NUMBER, AND
ENERGY.

DeCIPHERING THE DECAY MECHANISM

BeTA DeEcAY PrROCESS IN DETAIL

BETA DECAY IS A WEAK NUCLEAR FORCE-MEDIATED PROCESS INVOLVING THE TRANSFORMATION OF A NEUTRON INTO A PROTON
WITHIN THE NUCLEUS. THE STEPS INCLUDE:

1. NeuTRON CONVERSION:
A NEUTRON IN THE NUCLEUS IS TRANSFORMED INTO A PROTON, EMITTING A W/ "~ BOSON, WHICH QUICKLY DECAYS INTO A BETA
PARTICLE (ELECTRON) AND AN ELECTRON ANTINEUTRINO.

2. ENERGY RELEASE:
THE DECAY RELEASES ENERGY, WHICH IS SHARED BETWEEN THE EMITTED PARTICLES AND THE RECOILING NUCLEUS.

3. AToMIC NUMBER INCREASE:
SINCE A NEUTRON BECOMES A PROTON, THE ATOMIC NUMBER INCREASES BY 1, MOVING THE ELEMENT FROM BISMUTH ToO
PoLoNIUM.

4. Mass NumBer CONSERVATION:
THE TOTAL NUMBER OF NUCLEONS (MASS NUMBER) REMAINS THE SAME, AS THE MASS OF A NEUTRON AND PROTON ARE NEARLY
IDENTICAL.

DecaY ENerGY (Q-VALUE)

THE ENERGY RELEASED DURING DECAY, KNOWN AS THE Q‘VALUE, IS CRITICAL FOR UNDERSTANDING DECAY RATES AND PARTICLE
ENERGIES. |T CAN BE CALCULATED FROM MASS DIFFERENCES:

\[
Q = [M"{215 1\ 1exT{B1}) - M("{2 15\ TeXT{P0}) - M(E"-)] \TIMES "2
\]



wHEREe \(M\) DENOTES ATOMIC MASSES, AND \(C\) IS THE SPEED OF LIGHT.

SINCE THE MASS DIFFERENCE DETERMINES THE MAXIMUM KINETIC ENERGY OF EMITTED PARTICLES, PRECISE MASS MEASUREMENTS ARE
VITAL FOR ACCURATE DECAY MODELING.

IMPLICATIONS OF THE DECAY PROCESS

Decay CHAIN AND NUCLEAR STABILITY

THE DECAY OF _83"215BITo _84"215P0 IS A PART OF THE LARGER DECAY CHAIN THAT CONTRIBUTES TO THE
UNDERSTANDING OF NUCLEAR STABILITY AND TRANSMUTATION PROCESSES. THE TRANSITION PROVIDES INSIGHT INTO:

- NUCLEAR SHELL EFFECTS: HOW NUCLEONS ARRANGE THEMSELVES IN SHELLS AFFECTS DECAY PROBABILITIES.

- NUCLEAR MODELS VALIDATION: COMPARING PREDICTED AND OBSERVED DECAY ENERGIES AND HALF-LIVES HELPS REFINE MODELS
LIKE THE SHELL MODEL OR LIQUID DROP MODEL.

APPLICATIONS AND SIGNIFICANCE

(UNDERSTANDING SUCH DECAY PROCESSES HAS PRACTICAL RELEVANCE:

- RADIOISOTOPE PRODUCTION:
PRODUCING SPECIFIC ISOTOPES FOR MEDICAL, INDUSTRIAL, OR SCIENTIFIC PURPOSES.

- NUCLEAR MEDICINE:
THouGH _83"215BI AND _84"215P0 ARE NOT COMMONLY USED DIRECTLY, KNOWLEDGE OF DECAY PATHWAYS INFORMS
THE SAFETY AND HANDLING OF RADIOACTIVE MATERIALS.

- NUCLEAR ASTROPHYSICS:
STUDYING DECAY CHAINS HELPS ELUCIDATE NUCLEOSYNTHESIS PATHWAYS IN STELLAR ENVIRONMENTS.

- RADIATION SAFETY:
ACCURATE DECAY DATA ENSURES PROPER SHIELDING AND HANDLING PROTOCOLS FOR RADIOACTIVE MATERIALS.

ConcrLusioN: THE SIGNIFICANCE ofF DeCIPHERING NUCLEAR REACTIONS

THE DECAY oF _83"215BI INTo _84"215P0 EXEMPLIFIES THE INTRICATE DANCE OF PARTICLES GOVERNED BY THE WEAK
NUCLEAR FORCE. WRITING THE NUCLEAR REACTION AS:

\[
2153 {833\ 1exT{Bi} \rigHTARROW \, *{215} {84}\TexT{Po} + "~ + \BAR{\NU}_E

\]

CAPTURES THE ESSENCE OF THE BETA~MINUS DECAY PROCESS, HIGHLIGHTING THE TRANSFORMATION WITHIN THE NUCLEUS THAT
MOVES THE ELEMENT TOWARD A MORE STABLE CONFIGURATION.

THIS DECAY PATHWAY NOT ONLY ADVANCES OUR UNDERSTANDING OF NUCLEAR STRUCTURE AND STABILITY BUT ALSO PLAYS



A PIVOTAL ROLE IN BROADER SCIENTIFIC ENDEAVORS—FROM MODELING STELLAR PROCESSES TO DEVELOPING MEDICAL ISOTOPES.
SUCH DETAILED ANALYSIS UNDERSCORES THE IMPORTANCE OF PRECISE NUCLEAR DATA, WHICH CONTINUES TO SHAPE OUR
UNDERSTANDING OF THE ATOMIC NUCLEUS AND ITS MYRIAD TRANSFORMATIONS.

IN ESSENCE, THE DECAY OF _83"215BI To _84"215P0 IS A PRIME EXAMPLE OF THE SUBTLE YET PROFOUND MECHANISMS AT
WORK WITHIN THE ATOMIC NUCLEUS, OFFERING INSIGHTS THAT RESONATE ACROSS SCIENTIFIC DISCIPLINES AND PRACTICAL
APPLICATIONS ALIKE.
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