ISOTOPE PRACTICE WORKSHEET ANSWERS WITH WORK

|SOTOPE PRACTICE WORKSHEET ANSWERS WITH WORK CAN BE A CRUCIAL RESOURCE FOR STUDENTS AND EDUCATORS ALIKE,
HELPING TO REINFORCE THE UNDERSTANDING OF ISOTOPES AND THEIR VARIOUS APPLICATIONS IN CHEMISTRY AND NUCLEAR
PHYSICS. [SOTOPES ARE VARIANTS OF A CHEMICAL ELEMENT THAT DIFFER IN NEUTRON NUMBER, AND CONSEQUENTLY, IN ATOMIC
MASS. THIS ARTICLE WILL DELVE INTO THE CONCEPT OF ISOTOPES, HOW TO WORK THROUGH TYPICAL PROBLEMS FOUND IN
ISOTOPE PRACTICE WORKSHEETS, AND PROVIDE DETAILED ANSWERS WITH STEP-BY-STEP EXPLANATIONS.

UNDERSTANDING ISOTOPES

DEFINITION AND IMPORTANCE

|SOTOPES ARE ATOMS OF THE SAME ELEMENT THAT CONTAIN THE SAME NUMBER OF PROTONS BUT DIFFER IN THE NUMBER OF
NEUTRONS. THIS DIFFERENCE LEADS TO VARIATIONS IN ATOMIC MASS BUT DOES NOT CHANGE THE CHEMICAL PROPERTIES OF THE
ELEMENT. ISOTOPES ARE CRUCIAL IN VARIOUS FIELDS, INCLUDING:

1. MEeDICINE: RADIOISOTOPES ARE USED IN DIAGNOSTIC IMAGING AND TREATMENT.
2. ARCHAEOLOGY: CARBON- 14 DATING HELPS DETERMINE THE AGE OF ANCIENT ARTIFACTS.
3. NUCLEAR PoweER: CERTAIN ISOTOPES ARE USED AS FUEL IN NUCLEAR REACTORS.

NOTATION OF IsoTOPES

ISOTOPES ARE OFTEN DENOTED BY THEIR ELEMENT SYMBOL ALONG WITH THEIR MASS NUMBER. FOR EXAMPLE, CARBON-12 IS
RePRESENTED AS \(“{ 12\ 1exT{C}\), WHERE 12 IS THE MASS NUMBER (PROTONS + NEUTRONS).

- Mass Numeer (A): TOTAL NUMBER OF PROTONS AND NEUTRONS.
- ATomMic NumBer (Z): NUMBER OF PROTONS (UNIQUE TO EACH ELEMENT).

THE NUMBER OF NEUTRONS CAN BE CALCULATED USING THE FORMULA!:

\l

\TexT{NUMBER OF NEUTRONS]} = A - Z

\]

TypPiCAL PROBLEMS IN ISOTOPE PRACTICE W/ ORKSHEETS

ExAMPLE PROBLEM 1: IDENTIFYING ISOTOPES

PROBLEM STATEMENT: GIVEN THE ELEMENT OxYGEN (O) WITH ATOMIC NUMBER 8, IDENTIFY THE NUMBER OF NEUTRONS IN ITS
1IsoTores \(M{ 16\ TexT{O}\) ano \("{ 18N\ 1exT{O}\).

SOLUTION:

1. For \(*{ 16\ TexT{O3\):

- Mass Numeer (A) = 16

- ATomic Numeer (Z) = 8

- NUMBER OF NEUTRONS = A - Z = 16 - 8 = 8 NEUTRONS



2. For \(*"{ 18N\ TexT{O}\):

- Mass Numeer (A) =18

- Atomic Numeer (Z) = 8

- Numeer oF NEUTRONS = A -7 = 18 - 8 = 10 NEUTRONS

ANSWER:

-\{163\1exT{O}\) HAS 8 NEUTRONS.
-\{183\1eXT{O}\) HAS 10 NEUTRONS.

ExAMPLE PROBLEM 2: CALCULATING AVERAGE AToMIC MASS

PROBLEM STATEMENT: AN ELEMENT HAS TwoO STABLE IsoTores: \(M{35\TexT{CL}\) (WITH AN ABUNDANCE OF 75%) AND
N3 7\ 1exT{CL3\) (WiTH AN ABUNDANCE OF 25%). CALCULATE THE AVERAGE ATOMIC MASS OF CHLORINE.

SOLUTION:

1. CONVERT PERCENTAGES TO DECIMAL FORM:
A5\ TEXT{CL}\): 0.75
-\N{37 N\ 1exT{CL}\): 0.25

2. CALCULATE THE WEIGHTED AVERAGE:

\[

\TexT{AveraGe AToMic Mass} = (0.75 \TimMes 35) + (0.25 \TiMes 37)
\]

\[

=26.25+9.25=35.50\, \Text{amu}

\]

ANSWER: THE AVERAGE ATOMIC MASS OF CHLORINE IS 35.50 AMuU.

ExAMPLE PROBLEM 3: RADIOACTIVE DECAY

ProBLEM STATEMENT: A saMPLE of \("{603\TexT{Co}\) HAS A HALF-LIFE OF 5.27 YEARS. |[F YOU START wITH 100
GrAMs of \(M{60}\TexT{Co}\), How MUCH WILL REMAIN AFTER 15.8 1 YEARS?

SOLUTION:

1. DETERMINE THE NUMBER OF HALF-LIVES:

\l

\texT{ToTtaL TiMe} = 15.8 1\, \TexT{vears} \QuaD \TexT{anD} \QUAD \TexT{HALF-LIFE} = 5.27 \, \TexT{YEARS]}
\]
\[

\TexT{NUMBER oF HALF-LIVES} = \FrAC{15.8 1}{5.27} \aPPrOX 3

\]

2. CALCULATE THE REMAINING MASS:

\l

\TexT{REMAINING MAss]} = \Frac{\TExT{INTIAL MASSIH 2 {\TEXT{NUMBER OF HALF-LIVES}}}
\]

\[

=\rRAc{ 100\, \Tex1{c}3}{2"3} = \rrac{100}{8} = 12.5 \, \TexT1{c}

\]

ANsWER: AFTER 15.81 YeEARS, 12.5 GraMs oF \(“{60}\TexT{Co}\) wiLL REMAIN.



PRACTICE W ORKSHEET ANSWERS WITH W ORK

TO FACILITATE LEARNING, HERE’S A COMPILATION OF PROBLEMS ALONG WITH THOROUGH EXPLANATIONS OF THEIR SOLUTIONS.

\X/ ORKSHEET PROBLEM 1

QUESTION: HOW MANY PROTONS, NEUTRONS, AND ELECTRONS ARE IN \(“{40}\texT{K}\)?

SOLUTION:

- ProTons = ATomic Numeer (Z) = 19

- NeuTroNs = Mass Numeer (A) - Atomic Numeer (Z) =40-19 =21
- ELEcTRONS = PrOTONS (IN A NEUTRAL ATOM) = 19

ANSWER: 19 PROTONS, 21 NEUTRONS, 19 ELECTRONS.

\X/ ORKSHEET PROBLEM 2

QuesTion: ELEMENT X Has 1soTopes \(M{ T4\ texT{X3\) (709% asunpance) ano \(*{ 153\ 1exT{X3\) (30%
ABUNDANCE). CALCULATE THE AVERAGE ATOMIC MASS.

SOLUTION:
- AVERAGE AToMICc Mass = (0.70 x 14) + (0.30 x 15)
-=98+4.5=14.3 aAmU

ANSWER: THE AVERAGE ATOMIC MASS OF ELEMENT X IS 14.3 AMU.

\X/ ORKSHEET PROBLEM 3

QuesTIon: IF A sampLE oF \("{238}\TexT{U}\) HAS A HALF-LIFE OF 4.5 BILLION YEARS, HOW MUCH oF A 1000G SAMPLE
REMAINS AFTER 9 BILLION YEARS?

SOLUTION:
- NUMBER OF HALF-LIVES = 9 BILLION / 4.5 BILLION = 2
- ReMAINING MASS = 10006 / 22 = 10006/ 4 = 2506

ANSWER: AFTER 9 BILLION YEARS, 2506 oF \("{238}\TexT{U}\) ReMAINs.

CoNcLUSION

(UNDERST ANDING ISOTOPES IS FUNDAMENTAL IN MANY SCIENTIFIC DISCIPLINES. THE ABOVE EXAMPLES ILLUSTRATE HOW TO
APPROACH ISOTOPE-RELATED PROBLEMS, ENSURING A SOLID GRASP OF THE CONCEPTS INVOLVED. THROUGH PRACTICE
WORKSHEETS, STUDENTS CAN DEVELOP PROFICIENCY IN CALCULATING ISOTOPIC COMPOSITIONS, AVERAGE ATOMIC MASSES, AND
APPLYING KNOWLEDGE OF RADIOACTIVE DECAY. BY CONSISTENTLY WORKING THROUGH PROBLEMS AND UNDERSTANDING THE
UNDERLYING PRINCIPLES, STUDENTS WILL ENHANCE THEIR SKILLS AND CONFIDENCE IN HANDLING ISOTOPES IN CHEMISTRY.



FREQUENTLY ASkeD QUESTIONS

WHAT IS AN ISOTOPE AND HOW IS IT DIFFERENT FROM REGULAR ATOMS?

AN ISOTOPE IS A VARIANT OF A CHEMICAL ELEMENT THAT HAS THE SAME NUMBER OF PROTONS BUT A DIFFERENT NUMBER OF
NEUTRONS, RESULTING IN A DIFFERENT ATOMIC MASS. WHILE REGULAR ATOMS OF AN ELEMENT HAVE THE SAME MASS NUMBER,
ISOTOPES CAN HAVE VARYING MASS NUMBERS.

How CAN | CALCULATE THE NUMBER OF NEUTRONS IN AN ISOTOPE?

TO CALCULATE THE NUMBER OF NEUTRONS IN AN ISOTOPE, SUBTRACT THE ATOMIC NUMBER (NUMBER OF PROTONS) FROM THE
MASS NUMBER. FOR EXAMPLE, FOR CARBON-14 (MASS NUMBER 14, ATOMIC NUMBER &), THE NUMBER OF NEUTRONS IS 14 - 6 =
8.

WHAT IS THE SIGNIFICANCE OF ISOTOPES IN SCIENTIFIC RESEARCH AND APPLICATIONS?

|[SOTOPES ARE SIGNIFICANT IN VARIOUS FIELDS, INCLUDING MEDICINE FOR DIAGNOSTIC IMAGING AND CANCER TREATMENT <E.G.,
RADIOACTIVE ISOTOPES)I IN ARCHAEOLOGY FOR DATING ARTIFACTS (E.G./ CARBON DATING), AND IN ENVIRONMENTAL STUDIES
TO TRACE CHEMICAL PATHWAYS.

\X/HERE CAN | FIND RELIABLE ANSWERS FOR ISOTOPE PRACTICE WORKSHEETS?

RELIABLE ANSWERS FOR ISOTOPE PRACTICE WORKSHEETS CAN TYPICALLY BE FOUND IN EDUCATIONAL TEXTBOOKS, ONLINE
ACADEMIC RESOURCES, OR EDUCATIONAL WEBSITES THAT SPECIALIZE IN CHEMISTRY OR NUCLEAR PHYSICS. ADDITIONALLY,
TEACHERS AND TUTORS CAN PROVIDE ASSISTANCE.

\WHAT ARE SOME COMMON ISOTOPES THAT STUDENTS OFTEN STUDY IN CHEMISTRY?

COMMON ISOTOPES STUDIED IN CHEMISTRY INCLUDE CARBON-12 AND CARBON- 14, OXYGEN-T16 AND OXYGEN-18, AND
UrRANIUM-235 AND URANIUM-238. THESE ISOTOPES ARE FREQUENTLY USED IN VARIOUS APPLICATIONS AND EXPERIMENTS.
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