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INTRODUCTION TO ATOMIC MASS AND NUCLEAR DECAY PROCESSES

(UNDERSTANDING THE FUNDAMENTAL PROPERTIES OF ISOTOPES IS CRUCIAL IN NUCLEAR PHYSICS AND CHEMISTRY. AMONG THESE
PROPERTIES, ATOMIC MASS PLAYS A VITAL ROLE IN DECIPHERING NUCLEAR STABILITY AND DECAY MECHANISMS. SPECIFICALLY,
iIsoTopEes LIKE CArBON- 14 (14C) anD NITROGEN- 14 (14N) HAVE ATOMIC MASSES THAT PROVIDE INSIGHTS INTO THEIR
NUCLEAR STRUCTURE AND DECAY BEHAVIOR. IN THIS ARTICLE, WE WILL EXPLORE THE ATOMIC MASSES OF 14C AnD 14N,
ANALYZE THEIR SIGNIFICANCE, AND DEMONSTRATE HOW BETA (B) DECAY OCCURS BETWEEN THESE ISOTOPES.

AToMic Masses oF 14C AND 14N: AN OVERVIEW

AToMic Mass oF 14C

THE ATOMIC MASS OF CARBON-14 IS PRECISELY MEASURED AT 14.003242 aToMIC MASS UNITS (U). THIS ISOTOPE, A
RADIOACTIVE FORM OF CARBON, IS WIDELY KNOWN FOR ITS APPLICATION IN RADIOCARBON DATING, WHICH ALLOWS SCIENTISTS
TO DETERMINE THE AGE OF ARCHAEOLOGICAL SAMPLES.

AToMic MAass ofF 14N

NITROGEN-14's aAToMIC MASS IS 14.003074 U. IT IS THE MOST ABUNDANT ISOTOPE OF NITROGEN FOUND NATURALLY IN
EARTH'S ATMOSPHERE AND IS STABLE UNDER NORMAL CONDITIONS.

UNDERSTANDING NUCLEAR STABILITY AND DECAY

THE DIFFERENCE IN ATOMIC MASSES BETWEEN ISOTOPES OFTEN INDICATES POTENTIAL FOR NUCLEAR DECAY PROCESSES. W/HEN AN
UNSTABLE NUCLEUS LIKE 14C UNDERGOES DECAY, IT TRANSFORMS INTO A MORE STABLE CONFIGURATION, OFTEN EMITTING
RADIATION SUCH AS BETA PARTICLES.

WHAT Is BETA DecAY?

BETA DECAY IS A TYPE OF RADIOACTIVE DECAY IN WHICH A NEUTRON IN THE NUCLEUS CONVERTS INTO A PROTON, EMITTING AN
ELECTRON (BETA PARTICLE, B_) AND AN ANTINEUTRINO:

\[ N \riGHTARROW P + E"- + \BAR{\NU} E\]

THIS PROCESS INCREASES THE ATOMIC NUMBER BY ONE WHILE KEEPING THE MASS NUMBER UNCHANGED, TRANSFORMING THE
ORIGINAL ISOTOPE INTO A DIFFERENT ELEMENT.



QUANTITATIVE ANALYSIS OF THE DECAY: SHOWING BETA DECAY FROM 14C
To 14N

MAss DIFFERENCE AND ENERGY RELEASE

THE KEY TO UNDERSTANDING BETA DECAY LIES IN THE MASS DIFFERENCE BETWEEN THE PARENT AND DAUGHTER ISOTOPES. THE
MASS DIFFERENCE (AM) DETERMINES THE ENERGY RELEASED DURING DECAY, FOLLOWING EINSTEIN'S MASS-ENERGY EQUIVALENCE:

\[E=\DeLtamc™2\]
wHERE \( ¢ \) IS THE SPEED OF LIGHT.

LET'S CALCULATE THE MASS DIFFERENCE BETWEEN 14C AnD 14N:

\[
\DeLta M= \TexT{Mass oF }*{14}\1exT{C} - \texT{Mass oF }*"{14}\1exT{N} = 14.003242\, \text{U} -
14.003074\, \text{u} = 0.000168\, \TexT{U}

\]

SINCE 1 ATOMIC MASS UNIT (U) CORRESPONDS TO APPROXIMATELY 93 1.5 MEV OF ENERGY,

\[
E=0.000168\, \text{u} \1iMes 931.5\, \texT{MeV/u} \aprrox 0.156\, \TexT{MeV}

\]

THIS ENERGY IS RELEASED DURING THE DECAY PROCESS, PRIMARILY CARRIED AWAY BY THE EMITTED BETA PARTICLE AND
ANTINEUTRINO.

MAss-ENERGY BALANCE IN BETA DECAY

THE DECAY CAN BE SUMMARIZED AS:

\[
M 14N TexT{C} \rIGHTARROW {14\ TEXT{N} + "~ + \BAR{\NU]} E
\]

THE MASS OF THE NEUTRON (INSIDE THE 14C NUCLEUS BEFORE DECAY) IS SLIGHTLY HIGHER THAN THAT OF THE PROTON,
LEADING TO THE MASS DIFFERENCE THAT FACILITATES THE DECAY. THE EMITTED BETA PARTICLE (ELECTRON) TAKES A PORTION
OF THE ENERGY, WHILE THE NEUTRINO CARRIES AWAY THE REST.

STeEP-BY-STEP DEMONSTRATION OF BETA DECAY USING ATOMIC MASSES

1. IDENTIFY THE PARENT AND DAUGHTER NUCLEI

- PARENT NUCLEUS: 14C (6 PROTONS, 8 NEUTRONS)
- DAUGHTER NUCLEUS: 14N (7 PROTONS, 7 NEUTRONS)

2. CALCULATE THE MASs DIFFERENCE

\[

\DeLtam=m_{"{ 14\ 71ext{C}} - M_{"{14\1exT{N}} = 14.003242\, \Tex7{U} - 14.003074\, \ext{u} =
0.000168\, \text{u}

\]



3. CoNVERT MASs DIFFERENCE TO ENERGY

\[
E=\DeLTAa M \TiMes 93 1.5\, \TexT{MeV/u} \apPrOX 0.156)\, \TexT{MeV}

\]
4. INTERPRETATION

THIS ENERGY IS SUFFICIENT TO PRODUCE AN ELECTRON AND AN ANTINEUTRINO, CONFIRMING THAT BETA DECAY IS ENERGETICALLY
FAVORABLE.

5. ApDITIONAL CONSIDERATIONS

- THE EMITTED BETA PARTICLE'S ENERGY SPECTRUM IS CONTINUOUS, WITH A MAXIMUM ENERGY CLOSE To 0.156 MeV.
- CONSERVATION LAWS (ENERGY, MOMENTUM, CHARGE, AND LEPTON NUMBER) ARE SATISFIED DURING THE DECAY.

IMPLICATIONS oF AToMIC MASS DATA IN NUCLEAR PHYSICS

THE PRECISE ATOMIC MASSES OF ISOTOPES LIKE 14C AND 14N ARE INSTRUMENTAL IN UNDERSTANDING NUCLEAR REACTIONS AND
DECAY PATHWAYS. THEY ENABLE SCIENTISTS TO:

- CALCULATE DECAY ENERGIES AND HALF-LIVES.

- PREDICT POSSIBLE DECAY MODES.

- UNDERSTAND NUCLEAR STABILITY AND THE FORCES AT PLAY WITHIN THE NUCLEUS.
- DEVELOP MODELS FOR NUCLEAR STRUCTURE BASED ON MASS DIFFERENCES.

APPLICATIONS IN RADIOCARBON DATING

Since 14C DECAYS INTO 14N WITH A kNOWN HALF-LIFE (~57 30 YEARS), MEASURING THE RATIO OF THESE ISOTOPES IN
ARCHAEOLOGICAL SAMPLES ALLOWS FOR ACCURATE DATING OF ANCIENT ORGANIC MATERIALS.

RoLE IN NUCLEAR ENERGY AND SAFETY

UNDERSTANDING BETA DECAY PROCESSES INFORMS REACTOR DESIGN, RADIATION SHIELDING, AND NUCLEAR SAFETY PROTOCOLS,
ESPECIALLY WHEN HANDLING RADIOACTIVE ISOTOPES.

CoNcCLUSION

THe AToMiC MASSES oF 14C (14.003242 u) ano 14N (14.003074 U) PROVIDE CRITICAL INSIGHT INTO THE BETA DECAY
PROCESS THAT CONVERTS 14C INTo T14N. THE MASS DIFFERENCE OF APPROXIMATELY 0.000 168 U CORRESPONDS TO AN
ENERGY RELEASE OF ABOUT 0.156 MeV, WHICH POWERS THE BETA DECAY. THIS PROCESS EXEMPLIFIES HOW SUBTLE
DIFFERENCES IN ATOMIC MASS CAN LEAD TO SIGNIFICANT NUCLEAR TRANSFORMATIONS, UNDERPINNING MANY APPLICATIONS FROM
ARCHAEOLOGICAL DATING TO NUCLEAR PHYSICS RESEARCH. UNDERSTANDING THESE CONCEPTS ENHANCES OUR GRASP OF ATOMIC
STABILITY, NUCLEAR REACTIONS, AND THE FUNDAMENTAL FORCES GOVERNING MATTER.
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FREQUENTLY ASkeD QUESTIONS

\W/HAT IS THE SIGNIFICANCE OF THE ATOMIC MASSES oF 14C AND 14N IN NUCLEAR
DECAY STUDIES?

THe AToMIC MASSES OF 14C AND T4N HELP IN UNDERSTANDING THE ENERGY CHANGES DURING RADIOACTIVE DECAY PROCESSES,
SPECIFICALLY BETA DECAY, BY CALCULATING MASS DIFFERENCES THAT RELATE TO THE ENERGY RELEASED.

How cAN WE DEMONSTRATE THAT 14C UNDERGOES BETA DECAY TO BECOME 14N
USING ATOMIC MASSES?

BY CALCULATING THE MASS DIFFERENCE BETWEEN 14C AND 14N AND CONFIRMING THAT THIS DIFFERENCE ACCOUNTS FOR THE
EMISSION OF A BETA PARTICLE, WE CAN SHOW THAT 14C DECAYS INTO 14N THROUGH BETA DECAY.

\WHAT IS THE MASS DIFFERENCE BETWEEN 14C AND 14N, AND HOW DOES IT RELATE TO
BETA DECAY?

THe MASS DIFFERENCE IS 14.003242 U - 14.003074 U = 0.000168 U. THIS EXCESS MASS IS CONVERTED INTO ENERGY,
WHICH IS EMITTED AS A BETA PARTICLE DURING THE DECAY OF 14C To T4N.

How DO YOU CALCULATE THE ENERGY RELEASED DURING THE DECAY ofF 14C 1o 14N
USING ATOMIC MASSES?

CoNVERT THE MASS DIFFERENCE (0.000 168 U) INTO ENERGY USING EINSTEIN'S EQUATION E=MC?, WHERE 1 ATOMIC MASS
UNIT CORRESPONDS TO APPROXIMATELY 93 1.5 MEV, TO FIND THE ENERGY RELEASED DURING DECAY.

WHY IS IT IMPORTANT TO SHOW THE MASS DIFFERENCE IN DECAY PROCESSES LIKE THAT
ofF 14C?

SHOWING THE MASS DIFFERENCE HELPS VERIFY THAT THE DECAY IS ENERGETICALLY POSSIBLE AND ALLOWS CALCULATION OF THE
ENERGY RELEASED, WHICH IS CRITICAL FOR UNDERSTANDING DECAY RATES AND DETECTING DECAY PRODUCTS.

\W/HAT DOES THE PROCESS OF BETA DECAY OF 14C TELL US ABOUT THE
CONSERVATION OF MASS AND ENERGY?

[T ILLUSTRATES THAT MASS IS NOT CONSERVED IN ISOLATION BUT IS CONVERTED INTO ENERGY DURING DECAY, CONSISTENT
WITH THE LAW OF CONSERVATION OF ENERGY, AS EVIDENCED BY THE SMALL MASS DIFFERENCE TRANSFORMING INTO KINETIC
ENERGY OF DECAY PARTICLES.

ADDITIONAL RESOURCES
THe AToMic Mass oF 14C Is 14.003242 U, anp THE AToMic Mass ofF 14N Is 14.003074 U: A DETAILED ANALYSIS



oF BeTA Decay

UNDERSTANDING THE ATOMIC MASSES OF ISOTOPES SUCH AS 14C (Careon-14) anD 14N (NITROGEN-14) IS FUNDAMENTAL
IN NUCLEAR PHYSICS AND RADIOCARBON DATING. THE PRECISE MEASUREMENT OF THESE ATOMIC MASSES— 14.003242 ATOMIC
MAsS UNITS (U) For 14C anp 14.003074 U For 14N—PROVIDES CRITICAL INSIGHTS INTO NUCLEAR STABILITY, DECAY
PROCESSES, AND THE UNDERLYING PRINCIPLES OF RADIOACTIVE TRANSFORMATIONS. IN THIS ARTICLE, WE WILL EXPLORE HOW
THESE ATOMIC MASSES RELATE TO BETA DECAY, DEMONSTRATE THE PROCESS MATHEMATICALLY, AND CLARIFY THE UNDERLYING
NUCLEAR PHYSICS PRINCIPLES INVOLVED.

INTRODUCTION

RADIOACTIVE DECAY IS A SPONTANEOUS PROCESS WHERE UNSTABLE ATOMIC NUCLEI TRANSFORM INTO MORE STABLE
CONFIGURATIONS, OFTEN EMITTING RADIATION IN THE PROCESS. ONE COMMON TYPE OF DECAY IS BETA DECAY, WHERE A
NEUTRON WITHIN THE NUCLEUS CONVERTS INTO A PROTON (OR VICE VERSA), ACCOMPANIED BY THE EMISSION OF A BETA
PARTICLE (ELECTRON OR POSITRON) AND A NEUTRINO OR ANTINEUTRINO.

GIVEN THE ATOMIC MASSES OF 14C AND 14N, WE AIM TO SHOW THAT THE MASS DIFFERENCE CORRESPONDS TO BETA DECAY,

SPECIFICALLY THE B— DECAY OF 14C INTO 14N. THIS PROCESS IS FUNDAMENTAL IN RADIOCARBON DATING AND NUCLEAR
PHYSICS, ILLUSTRATING THE CONSERVATION OF ENERGY AND MASS IN NUCLEAR TRANSFORMATIONS.

UNDERSTANDING AToMIC MASS UNITS AND NUCLEAR MASSES

BEFORE DELVING INTO THE DECAY PROCESS, IT’S VITAL TO UNDERSTAND WHAT THE ATOMIC MASS UNITS SIGNIFY:

- AToMiC MASS UNIT (U): A STANDARDIZED UNIT OF MASS, DEFINED AS 1/12 OF THE MASS OF A CARBON-12 ATOM
(~1.6605 x 10"-27 «a).

- ATOMIC MASS OF ISOTOPES: THE WEIGHTED AVERAGE OF ALL ATOMIC MASSES, CONSIDERING ISOTOPIC ABUNDANCES, BUT
HERE, SPECIFIC ISOTOPE MASSES ARE USED.

THE MASSES PROVIDED ARE ATOMIC MASSES—INCLUDING ELECTRONS. \W/HEN CONSIDERING NUCLEAR REACTIONS, IT'S OFTEN

NECESSARY TO FOCUS ON NUCLEAR MASSES (MASS OF THE NUCLEUS ALONE), BUT FOR SIMPLICITY AND CONSISTENCY, ATOMIC
MASSES ARE TYPICALLY USED IN CALCULATIONS INVOLVING ATOMIC NUMBER AND ATOMIC MASS UNITS.

THe Decay Process: FroM 14C 1o 14N

THE KEY NUCLEAR PROCESS UNDER DISCUSSION IS:

14C[F] 14N +B— + N[

- A NEUTRON IN THE CARBON- 14 NUCLEUS CONVERTS INTO A PROTON.
- THE NUCLEUS EMITS A BETA PARTICLE (ELECTRON, B—).

- AN ANTINEUTRINO (N[ ) IS ALSO EMITTED.

THIS PROCESS INCREASES THE ATOMIC NUMBER BY 1 (FROM 6 TO 7), TRANSFORMING CARBON INTO NITROGEN, WHILE THE MASS
NUMBER REMAINS UNCHANGED (14).

STEP-BY-STEP BREAKDOWN OF THE DECAY
1. WRITE THE NUCLEAR REACTION

THE DECAY CAN BE SUMMARIZED AS:



\[ (37143 _{63 \mexT{C} \rigHTARROW {3*{ 143} {73 \TexT{N} + \BeTA"- + \BAR{\NU} \]
NoTE: THE NEUTRINO’S MASS IS NEGLIGIBLE, SO IT DOESN'T SIGNIFICANTLY AFFECT THE MASS CALCULATIONS.
2. AToMic MAssEs AND MASS DIFFERENCE

GIVEN:

-\(M_{14C}=14.003242\,U\)

-\(M_{14N}=14.003074\,U\)

THE MASS DIFFERENCE:

\[ \De,tTaM=M_{14C}-M_{14N}\]

CALCULATING:

\[ \DeLTa M= 14.003242\,U - 14.003074\,U =0.000168\, U \]

THIS SMALL MASS DIFFERENCE CORRESPONDS TO THE ENERGY RELEASED DURING DECAY.

3. ConveRT MAss DIFFERENCE TO ENERGY

USING EINSTEIN'S MASS-ENERGY EQUIVALENCE:

\[E =\DeLta M \TiMes c*2 \]

IN ATOMIC PHYSICS, FOR CONVENIENCE, THE ENERGY EQUIVALENT OF 1 ATOMIC MASS UNIT (U) IS APPROXIMATELY 93 1.5
MeV:

\[ E_{reLease} = \DeLTa M \TiMes 931.5\, \texT{MeV} \]
CALCULATING:
\[ E_{reLease} = 0.000168 \TiMes 931.5\, \TexT{MeV} \approx 0.156\, \TexT{MeV} \]

THIS IS THE Q‘VALUE OR THE ENERGY RELEASED DURING THE DECAY PROCESS.

THEORETICAL DEMONSTRATION OF BETA DECAY

1. CONSERVATION OF MASS-ENERGY

THE DECAY PROCESS IS GOVERNED BY THE PRINCIPLE OF CONSERVATION OF ENERGY. THE INITIAL MASS (MASS oF 14C NUCLEUS)
MUST BE GREATER THAN THE FINAL MASSES (MASS OF 14N NUCLEUS PLUS EMITTED PARTICLES), WITH THE DIFFERENCE
APPEARING AS KINETIC ENERGY.

2. RoLE oF NUCLEAR WEAK INTERACTION

BETA DECAY OCCURS VIA THE WEAK NUCLEAR FORCE, WHERE A NEUTRON CONVERTS INTO A PROTON:

\[ N \riGHTARROW P + E"- + \BAR{\NU} \]

IN THE NUCLEUS, THIS PROCESS IS:

\[ {314} _6 C\riGHTARROW {}"{ 14} 7 N+~ + \ear{\nU} \]

THE SLIGHT MASS DIFFERENCE BETWEEN 14C AND 14N ALLOWS THE EMITTED BETA PARTICLE TO CARRY AWAY KINETIC ENERGY,
CONSISTENT WITH THE MEASURED ENERGY RELEASE (~0.156 MeV).



3. DEMONSTRATING THE MASS DIFFERENCE CORRESPONDS TO DECAY

THE KEY POINT IS THAT THE MASS OF 14C EXCEEDS THAT OF 14N BY APPROXIMATELY 0.000 168 U, WHICH PROVIDES THE
NECESSARY ENERGY TO PRODUCE THE BETA PARTICLE AND NEUTRINO.

THIS DIFFERENCE DIRECTLY SUPPORTS THE FACT THAT 14C IS UNSTABLE AND CAN DECAY INTO 14N WITH THE EMISSION OF A
BETA PARTICLE, AS THE PROCESS IS ENERGETICALLY FAVORABLE.

ADDITIONAL CONSIDERATIONS
1. ELecTRON MASS AND ATOMIC MASSES

SINCE ATOMIC MASSES INCLUDE ELECTRONS, AND THE NUCLEUS'S COMPOSITION CHANGES ONLY BY ONE PROTON REPLACING ONE
NEUTRON, WE OFTEN NEED TO CONSIDER THE MASS OF ELECTRONS IN CALCULATIONS!

- \WHEN CONVERTING ATOMIC MASSES TO NUCLEAR MASSES, SUBTRACT THE MASS OF ELECTRONS APPROPRIATELY.
- For BETA DECAY, THE MASS DIFFERENCE IS PRIMARILY DUE TO THE DIFFERENCE IN NUCLEAR MASSES, AS ELECTRON MASS
REMAINS NEARLY CONSTANT.

2. ENERGY SPECTRUM OF BETA PARTICLES

THE ENERGY RELEASED IS DISTRIBUTED AMONG THE BETA PARTICLE, NEUTRINO, AND RECOIL NUCLEUS, RESULTING IN A
CONTINUOUS BETA SPECTRUM RATHER THAN A FIXED ENERGY VALUE (~0.156 MeV). THIS DISTRIBUTION ALIGNS WITH
EXPERIMENTAL OBSERVATIONS.

SUMMARY AND KEY TAKEAWAYS

- THe AToMIC MASsSES of 14C (14.003242 U) anp 14N (14.003074 U) oiFrer BY APPROXIMATELY 0.000168 U.
- THIS MASS DIFFERENCE PROVIDES THE ENERGY (~0.156 MEV) NECESSARY FOR BETA DECAY.

- THE DECAY PROCESS INVOLVES A NEUTRON CONVERTING INTO A PROTON WITHIN THE NUCLEUS, EMITTING A BETA PARTICLE
AND AN ANTINEUTRINO.

- THE CONSERVATION OF MASS-ENERGY AND THE WEAK NUCLEAR FORCE UNDERPIN THIS PROCESS.

- PRECISE ATOMIC MASS MEASUREMENTS VALIDATE THE THEORETICAL UNDERSTANDING OF NUCLEAR DECAY MECHANISMS.

FINAL THOUGHTS

THE DETAILED ANALYSIS OF ATOMIC MASSES AND THEIR RELATION TO BETA DECAY EXEMPLIFIES THE PROFOUND CONNECTION
BETWEEN FUNDAMENTAL CONSTANTS AND NUCLEAR STABILITY. BY EXAMINING THE MINUTE MASS DIFFERENCES BETWEEN ISOTOPES
LIKE 14C AND 14N, SCIENTISTS CAN ELUCIDATE THE PROCESSES GOVERNING RADIOACTIVE DECAY, WITH IMPLICATIONS
SPANNING RADIOCARBON DATING, NUCLEAR PHYSICS, AND OUR UNDERSTANDING OF ATOMIC STABILITY. ACCURATE ATOMIC MASS
MEASUREMENTS SERVE AS THE FOUNDATION FOR THESE INSIGHTS, ILLUSTRATING HOW TINY DIFFERENCES IN MASS LEAD TO
SIGNIFICANT PHENOMENA IN THE ATOMIC WORLD.
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NoTE: THE CALCULATIONS AND EXPLANATIONS ARE SIMPLIFIED FOR CLARITY. ACTUAL NUCLEAR DECAY INVOLVES MORE
COMPLEX QUANTUM MECHANICS AND NUCLEAR STRUCTURE CONSIDERATIONS.
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