After 55 Years, What Mass (in G)
Remains Of A 200.0 G Sample Of A
Radioactive Isotope With A Half-life

After 55 Years, What Mass (in G) Remains Of A 200.0 G Sample Of A Radioactive
Isotope With A Half-life is a fundamental question in nuclear chemistry and
physics that illustrates the principles of radioactive decay. Understanding
how the mass of a radioactive isotope diminishes over time is crucial for
applications ranging from radiometric dating to medical treatments and
nuclear energy. This article explores the concepts behind radioactive decay,
the calculation of remaining mass over time, and practical examples to help
readers grasp how a 200.0 g sample of a radioactive isotope diminishes after
55 years, especially when considering its half-life.

Understanding Radioactive Decay

The Basics of Radioactive Isotopes

Radioactive isotopes, also known as radioisotopes, are variants of chemical
elements that have unstable nuclei. These nuclei tend to decay spontaneously,
releasing radiation in the process. This decay transforms the isotope into a
different element or a different isotope of the same element.

What Is Half-life?

The half-1life of a radioactive isotope is the time required for half of the
radioactive nuclei in a sample to decay. Each isotope has a characteristic
half-life, which can range from fractions of a second to millions or even
billions of years.

The Significance of Half-life

- Predicting decay over time: Knowing the half-life allows scientists to
estimate how much of a radioactive substance remains after a certain period.
- Applications in dating: Radiometric dating techniques rely on half-life
calculations to determine the age of geological samples or archaeological
artifacts.

- Safety and handling: Understanding decay rates ensures proper safety
protocols when working with radioactive materials.



Calculating Remaining Mass After a Given Time

The Decay Formula

The fundamental formula to calculate the remaining amount of a radioactive
substance after a period of time is:

\[ N(t) = N 0 \times \left( \frac{1}{2} \right)"~{\frac{t}{T {1/2}}} \I

Where:

- \( N(t) \) = remaining quantity after time \( t \)
- \( N0 \) = initial quantity

- \( T _{1/2} \) = half-life of the isotope

- \( t \) = elapsed time

Applying the Formula to Our Scenario

Given:

- Initial mass, \( N 0 = 200.0\, \text{g} \)

- Time elapsed, \( t = 55\, \text{years} \)

- Half-life, \( T {1/2} \) (value specific to the isotope)

To determine the remaining mass, you need to know the isotope's half-life,
then plug it into the decay formula.

Case Study: How Much Radioactive Material
Remains After 55 Years?

Example 1: Isotope with a 10-year Half-life
Suppose the isotope has a half-life of 10 years.

Using the decay formula:

\ [

N(55) = 200.0\, \text{g} \times \left( \frac{1}{2} \right)~{\frac{55}{10}} =
200.0\, \text{g} \times \left( \frac{1}{2} \right)~{5.5}

\1

Calculating:

\[



\left( \frac{1}{2} \right)"~{5.5} = \left( \frac{1}{2} \right)”5 \times \left(
\frac{1}{2} \right)~{0.5} = \frac{1}{32} \times \frac{1l}{\sqrt{2}} \approx
0.03125 \times 0.7071 \approx 0.0221

\1

Remaining mass:

\ [
N(55) \approx 200.0\, \text{g} \times 0.0221 \approx 4.42\, \text{g}
\1]

Thus, after 55 years, approximately 4.42 grams of the original sample
remains.

Example 2: Isotope with a 20-year Half-life

Using the same approach:

\ [

N(55) = 200.0\, \text{g} \times \left( \frac{1}{2} \right)"{\frac{55}{20}} =
200.0\, \text{g} \times \left( \frac{1}{2} \right)~{2.75}

\1]

Calculating:

\ [
\left( \frac{1}{2} \right)~{2.75}
\left( \frac{1}{2} \right)~{0.75}
\]

\left( \frac{1}{2} \right)”2 \times
\frac{1}{4} \times 2~{-0.75}

Since \( 27{-0.75} \approx 0.5946 \):

\ [
N(55) \approx 200.0\, \text{g} \times 0.25 \times 0.5946 \approx 200.0 \times
0.1487 \approx 29.74\, \text{g}

\1]

In this case, about 29.74 grams of the original sample would remain after 55
years.

Factors Influencing Radioactive Decay and
Remaining Mass



1. Half-life Variability

The specific half-life of an isotope directly impacts how quickly its mass
decreases over time. Shorter half-lives mean rapid decay, while longer half-
lives indicate more prolonged stability.

2. Initial Quantity

The initial mass determines the absolute amount remaining after decay,
although the decay pattern remains consistent regardless of starting size.

3. External Conditions

While the decay process is intrinsic to the isotope, environmental factors
such as temperature, pressure, and presence of other chemicals typically do
not influence the decay rate.

Practical Applications of Radioactive Decay
Calculations

1. Radiometric Dating

By measuring the remaining amount of a radioactive isotope in a sample and
knowing its half-life, scientists can accurately determine the age of rocks,
fossils, and archaeological artifacts.

2. Medical Use of Radioisotopes

Understanding decay helps in planning treatments like radiotherapy, ensuring
the correct dosage over time for effective treatment with minimal side
effects.

3. Nuclear Power and Waste Management

Estimating how long radioactive waste remains hazardous depends on precise
decay calculations, contributing to safe disposal strategies.



Summary: How Much of a 200.0 G Sample Remains
After 55 Years?

The remaining mass depends on the isotope's half-life.
Shorter half-lives lead to less residual material after the same period.
Using the decay formula, you can calculate the precise amount remaining.

| Half-life (years) | Remaining Mass after 55 Years (G) | Approximate
Percentage Remaining |

| 10 | ~4.42 | 2.21% |
| 20 | ~29.74 | 14.87% |
| 50 | ~78.13 | 39.07% |

Note: These calculations assume ideal decay conditions with no external
influences.

Conclusion

Understanding the decay of radioactive isotopes over time is essential for
numerous scientific and practical fields. By applying the decay formula and
knowing the half-life of a specific isotope, we can determine how much of a
sample remains after any given period. In the case of a 200.0 g sample after
55 years, the remaining mass can vary significantly depending on the
isotope’s half-life. Whether for dating ancient artifacts, medical
procedures, or managing nuclear waste, mastering these calculations provides
invaluable insights into the behavior of radioactive materials over time.
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Frequently Asked Questions

What is the remaining mass of a 200.0 g radioactive
isotope after 55 years if its half-life is 10 years?

The remaining mass can be calculated using the half-life formula. After 55
years, which is 5.5 half-lives (55 / 10), the remaining mass is 200.0 g x



(1/2)~{5.5} = 200.0 g x 0.0221 = 4.42 g.

How do you calculate the remaining mass of a
radioactive isotope after a certain time period?

Use the formula: Remaining mass = initial mass x (1/2)"{(time / half-life)}.
Plug in the initial mass, the time elapsed, and the isotope's half-life to
find the remaining amount.

If a 200.0 g sample of a radioactive isotope has a
half-life of 10 years, what fraction remains after
55 years?

The fraction remaining is (1/2)7{55/10} = (1/2)"{5.5} = 0.0221, or about
2.21% of the original sample.

What is the significance of the half-life in
determining the remaining mass of a radioactive
isotope?

The half-1life indicates the time required for half of the radioactive sample
to decay. It allows us to calculate how much of the isotope remains after a
given period.

Can the remaining mass of a radioactive isotope ever
reach zero after many half-lives?

No, it asymptotically approaches zero but never actually reaches zero. After
many half-lives, only a tiny fraction remains, but some amount always stays.

How would the remaining mass change if the half-life
of the isotope were longer?

If the half-life is longer, the isotope decays more slowly, so a larger
portion of the original mass remains after a given period.

Is the decay of a radioactive isotope predictable
over multiple half-lives?

Yes, radioactive decay follows an exponential decay law, making the remaining
mass predictable over multiple half-lives using the decay formula.

What practical applications rely on knowing the



remaining mass of radioactive isotopes over time?

Applications include radiocarbon dating, nuclear medicine, radioactive waste
management, and nuclear power generation, all of which depend on
understanding isotope decay over time.

How accurate is the calculation of remaining mass
after several half-lives?

The calculation is highly accurate when using the exponential decay formula,
assuming constant half-life and no external influences, but real-world
factors like environmental conditions can introduce slight variations.

Additional Resources

After 55 Years, What Mass (in G) Remains Of A 200.0 G Sample Of A Radioactive
Isotope With A Half-life is a question that combines principles of nuclear
physics, decay processes, and mathematical modeling. Understanding how
radioactive decay works over time allows scientists and students alike to
predict the remaining quantity of a substance after a certain period. This
analysis not only helps in fields like radiometric dating and nuclear
medicine but also provides a fascinating glimpse into the probabilistic
nature of atomic decay. In this guide, we will explore the fundamental
concepts involved, develop the mathematical framework, and walk through the
step-by-step process to determine the remaining mass of a radioactive sample
after 55 years.

Understanding Radioactive Decay and Half-life
What Is Radioactive Decay?

Radioactive decay is a spontaneous process by which unstable atomic nuclei
lose energy by emitting radiation in the form of alpha particles, beta
particles, or gamma rays. Each radioactive isotope has a characteristic decay
process and a specific half-life, which is the time it takes for half of the
original sample to decay.

The Concept of Half-life

The half-life (denoted as Ti/:2) is a key parameter in nuclear physics. It
provides a measure of the stability of a radioactive isotope-longer half-
lives mean more stable isotopes, while shorter ones indicate rapid decay. The
half-life is a constant for each isotope, unaffected by the amount of
material or external conditions like temperature and pressure.

For example, if an isotope has a half-life of 10 years, then after 10 years,
only 50% of the original sample remains; after 20 years, 25%; after 30 years,



12.5%; and so on.

Mathematical Framework of Radioactive Decay
The Decay Equation

The decay of a radioactive sample can be described mathematically using the
exponential decay law:

\[ N(t) = N 0 \times e~{-\lambda t} \]

Where:
- \( N(t) \) = amount of the radioactive substance remaining at time \( t \)
- \( N0 \) = initial amount of the substance
- \( \lambda \) = decay constant (per unit time)
- \( t \) = elapsed time

Relationship Between Half-life and Decay Constant

The decay constant \( \lambda \) is related to the half-life \( T {1/2} \)
via:

\[ \lambda = \frac{\ln 2}{T {1/2}} \]

This relation allows us to calculate \( \lambda \) if the half-life is known,
or vice versa.

Step-by-Step Calculation: Remaining Mass After 55 Years

Suppose we are given:

- Initial mass of the isotope: \( N 0 = 200.0\, \mathrm{g} \)

- Half-life: specific to the isotope (for illustration, assume Ti/2 = 20
years)

- Time elapsed: \( t = 55\, \mathrm{years} \)

Step 1: Calculate the Decay Constant \( \lambda \)

Using the relation:

\[ \lambda = \frac{\ln 2}{T {1/2}} \I]

Plugging in the values:

\[ \lambda = \frac{\ln 2}{20\, \mathrm{years}} \approx \frac{0.6931}{20}
\approx 0.03466\, \mathrm{year~{-1}} \]



Step 2: Calculate Remaining Fraction of the Sample

Using the exponential decay law:

\[ N(t) = N O \times e~{-\lambda t} \]

Substituting the known values:

\[ N(55) = 200.0\, \mathrm{g} \times e”~{-0.03466 \times 55} \]
Calculate the exponent:

\[ -0.03466 \times 55 \approx -1.906 \]

Calculate \( e~{-1.906} \):

\[ e™{-1.906} \approx 0.149 \]

Step 3: Determine the Remaining Mass

\[ N(55) = 200.0\, \mathrm{g} \times 0.149 \approx 29.8\, \mathrm{g} \]

Thus, after 55 years, approximately 29.8 grams of the original isotope
remains.

Generalized Approach for Any Isotope and Time
If you know the half-life and initial amount, follow these steps:
1. Calculate the decay constant \( \lambda \):

\ [
\lambda = \frac{\ln 2}{T {1/2}}
\1]

2. Compute the remaining amount after time \( t \):

\ [
N(t) = N O \times e”{-\lambda t}
\1]

3. Express the answer in grams or other units as needed.

Additional Considerations

When the Half-1life is Not Known



If the half-life isn't provided but the decay constant is, or vice versa, use
the appropriate relation:

- To find \( T _{1/2} \):

\ [

T {1/2} = \frac{\1n 2}{\lambda}
\1]

- To find \( \lambda \):

\ [
\lambda = \frac{\ln 2}{T {1/2}}
\1]
Decay Over Multiple Half-lives

The process is exponential; after \( n \) half-lives:

\ [
N =N 0O \times \left(\frac{1}{2}\right)”"n
\1

Where:

\ [

n = \frac{t}{T {1/2}}
\1

This can provide an approximation without exponential calculations.

Practical Applications and Implications

Radiometric Dating

Scientists use decay rates and remaining isotope amounts to date geological
samples, archaeological artifacts, and fossils. Knowing how much of a
radioactive isotope remains allows for precise age estimations.

Medical and Industrial Uses

Radioactive isotopes are used in medical imaging, cancer treatment, and
industrial radiography. Understanding their decay helps in planning safe
handling, storage, and disposal.

Nuclear Waste Management

Predicting how long radioactive waste remains hazardous is critical.
Calculations similar to those above inform safety protocols and containment



strategies.

Summary: Key Takeaways

- The amount of a radioactive isotope decreases exponentially over time.
- The half-life provides a straightforward way to understand decay over
multiple periods.

- The decay law:

\ [
N(t) = N O e*{-\lambda t}
\1]

is the foundation for calculating remaining mass.
- The decay constant \( \lambda \) links directly to the half-life.

Final Example: Applying the Concepts

Suppose a different isotope has a half-life of 100 years, and you start with
200 grams. How much remains after 55 years?

1. Calculate \( \lambda \):

\ [
\lambda = \frac{\ln 2}{100} \approx 0.00693\, \mathrm{year~{-1}}

\1]

2. Calculate remaining amount:

\ [

N(55) = 200\, \mathrm{g} \times e”{-0.00693 \times 55} \approx 200 \times
e™{-0.381} \approx 200 \times 0.683 \approx 136.6\, \mathrm{g}

\1

This demonstrates how the half-life influences decay over a given period.

Conclusion

Understanding After 55 Years, What Mass (in G) Remains Of A 200.0 G Sample Of
A Radioactive Isotope With A Half-life requires grasping the principles of
exponential decay and the relationship between half-life and decay constant.
By applying the decay law and known parameters, you can accurately predict
the remaining mass of a radioactive sample after any period. This knowledge
is essential across multiple scientific and industrial disciplines, enabling
accurate dating, safe handling, and effective utilization of radioactive



materials.
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