Isotopes And Atomic Mass Answer Key

ISOTOPES AND ATOMIC MASS

Objectives

1. Determine the average weight of each isclope of the fictional elements Vegium A and
‘Vegium B.

2. Determine the relative abundance of isolopes of Vegium A and Vegium B.

3. Calculate from experimental data the atomic mass of Vegium A and Vegium B.

|

Isolopes are atoms of the same atomic number having different masses due 1o a different
number of neutrons. The atomic mass of an element is the weighted average of the masses
of ihe isotopes of thal elernent. The weighted average takes inlo account both the mass and
redative abundance of each solope as il occurs in nature. The relative abundance and
masses of small alomic particles are measured in the laboratory by an instrument called a
mass spectromeder. The mass specirometer separales particles by mass and measures the
mass and relative abundance of each. From this data, a weighted average is calculated 1o
delermine the atomic mass of the element.

Procedure

1. In this experiment you will make measurements and parform calculations 1o determine the
fictional alomic mass of beo fichonal elements, Vegium A and Vegium B, treating each
bean as an atom.

. Theane will ba a different number of isotopes in each sample. These differant isotopes can

b distinguished by the diferent shapes andlor colors.

Remermber, real elements are collections of different isotopes,

Waaigh all the malarial in each sample.

. Write a description of the combined sample.

Separate each isolope.

Write a description of each isolope.

Weigh each isclope separabely.

Count each isolope separately,

.Record all yowr data in a table such as:

PENONEL N

-
=

[ Sample  |isotope 1] isotope 2| Isctope 3 | Isctope 4 | Total
L Msss of wach bolops (g}
[ Humber of gach isotope |
| Average Mass of each atom
| Percent of sach isolope (%) ]
[ Relaiive Abundance I
| Ralativa Waight (mg)

11. Calculate the average mass of each isotopa.

12, Calculate the percent abundancs of each iSotope

13. Calculate the alomic mass by adding the relative weighls

14, Measure two random amounts of one of the single samples and see if the relative waight
and relative abundanoe ane the Same,

IsoToPes AND AToMIC MASS ANSWER KEY

UNDERSTANDING ISOTOPES AND ATOMIC MASS IS FUNDAMENTAL TO THE FIELDS OF CHEMISTRY, PHYSICS, AND VARIOUS APPLIED
SCIENCES. |[SOTOPES ARE VARIANTS OF A PARTICULAR CHEMICAL ELEMENT THAT SHARE THE SAME NUMBER OF PROTONS BUT
DIFFER IN THE NUMBER OF NEUTRONS, LEADING TO DIFFERENT ATOMIC MASSES. THIS ARTICLE EXPLORES THE CONCEPT OF
ISOTOPES, THEIR APPLICATIONS, THE CALCULATION OF ATOMIC MASS, AND AN ANSWER KEY FOR COMMON QUESTIONS RELATING
TO THESE TOPICS.

\WHAT ARE |ISOTOPES?

[SOTOPES ARE ATOMS OF THE SAME ELEMENT THAT HAVE IDENTICAL ATOMIC NUMBERS BUT DIFFERENT MASS NUMBERS. T HE
ATOMIC NUMBER REFERS TO THE NUMBER OF PROTONS IN THE NUCLEUS OF AN ATOM, WHILE THE MASS NUMBER IS THE TOTAL
COUNT OF PROTONS AND NEUTRONS.



TYPES OF ISOTOPES

|SOTOPES ARE GENERALLY CLASSIFIED INTO TWO CATEGORIES:

1. STABLE ISOTOPES: THESE ISOTOPES DO NOT CHANGE OR DECAY OVER TIME. THEY ARE PREVALENT IN NATURE AND ARE OFTEN
USED IN VARIOUS APPLICATIONS, SUCH AS MEDICAL IMAGING AND ENVIRONMENTAL TRACKING.

2. RADIOACTIVE ISOTOPES (RADIOISOTOPES)Z THESE ISOTOPES ARE UNSTABLE AND UNDERGO RADIOACTIVE DECAY, EMITTING
RADIATION IN THE PROCESS. THEY HAVE A WIDE RANGE OF APPLICATIONS, INCLUDING CANCER TREATMENT, RADIOMETRIC DATING,
AND AS TRACERS IN BIOCHEMICAL RESEARCH.

ExAMPLES OF IsoToPES

TO ILLUSTRATE THE CONCEPT OF ISOTOPES, CONSIDER THE FOLLOWING EXAMPLES!

- CARBON |SOTOPES:
- CareoN-12 (2C): STABLE ISOTOPE WITH 6 PROTONS AND & NEUTRONS.
- CARBON-14 (M*C): RADIOACTIVE ISOTOPE WITH & PROTONS AND 8 NEUTRONS, USED IN DATING ARCHAEOLOGICAL FINDS.

- HYDROGEN |SOTOPES:

- ProTIUM ("H): THE MOST COMMON HYDROGEN ISOTOPE WITH 1 PROTON AND NO NEUTRONS.
- DeuTerIUM (PH): A STABLE ISOTOPE WITH 1 PROTON AND 1 NEUTRON.

- TriTiuM (®H): A RADIOACTIVE ISOTOPE WITH 1 PROTON AND 2 NEUTRONS.

AToMIC MASS

ATOMIC MASS IS THE WEIGHTED AVERAGE MASS OF AN ATOM OF AN ELEMENT, TAKING INTO ACCOUNT THE RELATIVE ABUNDANCE
OF ITS ISOTOPES. IT IS USUALLY EXPRESSED IN ATOMIC MASS UNITS (AMU), WHERE 1 AMU IS DEFINED AS ONE TWELFTH OF THE
MASS OF A CARBON- 12 ATOM.

CALCULATING AToMIC MAss

THE ATOMIC MASS OF AN ELEMENT CAN BE CALCULATED USING THE FOLLOWING FORMULA:

\l

\TexT{ATomMic Mass} = \rrac{\sum ( \TexT{isoTore Mass} \TIMes \TexT{RELATIVE ABUNDANCE})H{ 100}

HERE’S A STEP-BY-STEP GUIDE TO PERFORM THIS CALCULATION:
1. IDENTIFY THE ISOTOPES: DETERMINE WHICH ISOTOPES OF THE ELEMENT ARE PRESENT AND THEIR RESPECTIVE MASSES.
2. DETERMINE THE RELATIVE ABUNDANCE: FIND THE ABUNDANCE OF EACH ISOTOPE, TYPICALLY EXPRESSED AS A PERCENTAGE.

3. APPLY THE FORMULA: MULTIPLY THE MASS OF EACH ISOTOPE BY ITS RELATIVE ABUNDANCE, SUM THESE PRODUCTS, AND
THEN DIVIDE BY 100 TO GET THE ATOMIC MASS.

ExAMPLE CALCULATION oF AToMIC MASS

LET’S CALCULATE THE ATOMIC MASS OF CHLORINE, WHICH HAS TWO STABLE ISOTOPES: CHLORINE-35 (3°CL) AND
CHLORINE-37 (37CL).



- |[soTopPE MASSES:

- CHLORINE-35: 34.968 amMU
- CHLORINE-37: 36.966 AMU
- RELATIVE ABUNDANCE:

- CHLORINE-35: 75.789,

- CHLORINE-37: 24.22%

USING THE FORMULA:

\[
\TexT{AToMic Mass} = \LerT(34.968 \TiMes 7 5.7 8\RIGHT) + \LerT(36.966 \TiMes 24.2 2\RIGHT)

\]

CALCULATING EACH COMPONENT:

- CHLORINE-35 conTrIBUTION: \(34.968 \TIMes 75.78 = 2651.22))
- CHLORINE-37 conTrIBUTION: \(36.966 \TIMeEs 24.22 = 894.09\)

ADDING THESE:

\[
\TexT{AToMIc Mass} = \rrac{2651.22 + 894.093}{100} = 35.453 amuU

\]

THUS, THE ATOMIC MASS OF CHLORINE IS APPROXIMATELY 35.453 AMu.

APPLICATIONS OF |SOTOPES

[SOTOPES HAVE A MULTITUDE OF APPLICATIONS ACROSS VARIOUS FIELDS, INCLUDING:

IN MEDICINE

- DIAGNOSTIC IMAGING: RADIOISOTOPES LIKE TECHNETIUM-99M ARE USED IN NUCLEAR MEDICINE FOR IMAGING ORGANS.
- RADIOTHERAPY: ISOTOPES SUCH AS IODINE- 13 1 ARE USED IN THE TREATMENT OF THYROID CANCER.

IN INDUSTRY

- RabioMeTRrIC DATING: CARBON- 14 IS UTILIZED FOR DATING ORGANIC MATERIALS.
- MATERIAL TRACING: [SOTOPES ARE USED TO TRACE THE FLOW OF MATERIALS IN MANUFACTURING PROCESSES.

IN RESEARCH

- BloLoGICAL STUDIES: STABLE ISOTOPES CAN TRACK NUTRIENT CYCLES IN ECOSYSTEMS.
- CHEMICAL REACTIONS: ISOTOPES CAN HELP UNDERSTAND REACTION MECHANISMS THROUGH KINETIC STUDIES.



CoMMON (QUESTIONS AND ANSWERS

HERE IS AN ANSWER KEY ADDRESSING COMMON QUESTIONS RELATED TO ISOTOPES AND ATOMIC MASS:

1. WHAT IS AN ISOTOPE?
- AN ISOTOPE IS A VARIANT OF A CHEMICAL ELEMENT THAT HAS THE SAME NUMBER OF PROTONS BUT A DIFFERENT NUMBER OF
NEUTRONS.

2. WHAT IS THE DIFFERENCE BETWEEN STABLE AND RADIOACTIVE ISOTOPES?
- STABLE ISOTOPES DO NOT UNDERGO DECAY, WHILE RADIOACTIVE ISOTOPES ARE UNSTABLE AND EMIT RADIATION AS THEY
DECAY.

3. How IS ATOMIC MASS CALCULATED?
- ATOMIC MASS IS CALCULATED AS THE WEIGHTED AVERAGE OF THE MASSES OF AN ELEMENT'S ISOTOPES, CONSIDERING THEIR
RELATIVE ABUNDANCES.

4. \W/HY IS THE ATOMIC MASS OF AN ELEMENT NOT A \WHOLE NUMBER?
- THE ATOMIC MASS IS NOT A WHOLE NUMBER BECAUSE IT IS A WEIGHTED AVERAGE OF ALL ISOTOPES OF AN ELEMENT, WHICH
CAN HAVE FRACTIONAL MASS VALUES.

5. WHAT ARE SOME PRACTICAL APPLICATIONS OF ISOTOPES?
- ISOTOPES ARE USED IN MEDICINE FOR DIAGNOSTICS AND TREATMENT, IN ARCHAEOLOGY FOR DATING ARTIFACTS, AND IN
ENVIRONMENTAL SCIENCE FOR STUDYING NUTRIENT CYCLES.

6. CAN ISOTOPES OF THE SAME ELEMENT HAVE DIFFERENT CHEMICAL PROPERTIES?
- NO/ ISOTOPES OF THE SAME ELEMENT HAVE IDENTICAL CHEMICAL PROPERTIES BECAUSE THEY HAVE THE SAME ELECTRONIC
CONFIGURATION; HOWEVER, THEY MAY DIFFER IN PHYSICAL PROPERTIES.

IN CONCLUSION, ISOTOPES AND ATOMIC MASS ARE INTEGRAL CONCEPTS IN SCIENCE THAT HAVE FAR™REACHING IMPLICATIONS IN
VARIOUS FIELDS. UNDERSTANDING THESE TOPICS NOT ONLY ENHANCES OUR KNOWLEDGE OF ATOMIC STRUCTURE BUT ALSO
INFORMS PRACTICAL APPLICATIONS THAT BENEFIT SOCIETY IN MEDICINE, INDUSTRY, AND RESEARCH.

FREQUENTLY ASkeD QUESTIONS

\W/HAT ARE ISOTOPES?

[SOTOPES ARE VARIANTS OF A CHEMICAL ELEMENT THAT HAVE THE SAME NUMBER OF PROTONS BUT DIFFERENT NUMBERS OF
NEUTRONS, RESULTING IN DIFFERENT ATOMIC MASSES.

How DO ISOTOPES AFFECT ATOMIC MASS?

ATOMIC MASS IS A WEIGHTED AVERAGE OF THE MASSES OF AN ELEMENT'S ISOTOPES, TAKING INTO ACCOUNT THEIR RELATIVE
ABUNDANCES.

WHAT IS THE DIFFERENCE BETWEEN STABLE AND UNSTABLE ISOTOPES?

STABLE ISOTOPES DO NOT CHANGE OVER TIME, WHILE UNSTABLE ISOTOPES ARE RADIOACTIVE AND DECAY INTO OTHER ELEMENTS
OR ISOTOPES.

How IS THE ATOMIC MASS OF AN ELEMENT CALCULATED?

THE ATOMIC MASS IS CALCULATED BY SUMMING THE PRODUCTS OF THE MASS OF EACH ISOTOPE AND ITS RELATIVE ABUNDANCE
IN NATURE.



CAN ISOTOPES BE USED IN MEDICINE?

YES/ ISOTOPES, PARTICULARLY RADIOACTIVE ONES, ARE USED IN MEDICAL IMAGING AND TREATMENT, SUCH AS IN CANCER
THERAPY.

WHAT IS AN EXAMPLE OF AN ISOTOPE AND ITS APPLICATIONS?

CARBON- 14 IS A RADIOACTIVE ISOTOPE USED IN RADIOCARBON DATING TO DETERMINE THE AGE OF ARCHAEOLOGICAL
ARTIFACTS.

\WHY DO SOME ELEMENTS HAVE NO STABLE ISOTOPES?

SOME ELEMENTS HAVE NO STABLE ISOTOPES DUE TO THEIR NUCLEAR STRUCTURE, WHICH LEADS TO INSTABILITY AND
RADIOACTIVE DECAY.

How DOES THE CONCEPT OF ISOTOPES RELATE TO THE PERIODIC TABLE?

THE PERIODIC TABLE LISTS ELEMENTS BY ATOMIC NUMBER, BUT THE ATOMIC MASS LISTED FOR EACH ELEMENT REFLECTS THE
AVERAGE MASS OF ALL ITS NATURALLY OCCURRING ISOTOPES.
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Nuclear Data Services | IAEA
Jan 15, 2020 - Nuclear structure and decay data describe the lifetimes and decay modes of unstable
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known nuclides through a user-friendly graphical interface.
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Apr 16, 2024 - Isotopes are forms of an element differing in mass and physical properties, but with
the same chemical properties. While most isotopes are stable, some emit radiation. These
radioisotopes are used in medical and industrial applications, environmental tracing and biological
studies. The TAEA helps its Member States apply isotope techniques.

Qu’est-ce qu’un isotope ? | AIEA

Oct 19, 2022 - Un isotope est un type d’atome, la plus petite unité de matiere qui conserve toutes les
propriétés chimiques d’un élément. Les atomes constituent la base de tout ce qui nous entoure. Les
isotopes sont des formes d’un élément chimique ayant des propriétés spécifiques.

Global Network of Isotopes in Precipitation (GNIP) | IAEA

Apr 9, 1992 - The Global Network of Isotopes in Precipitation (GNIP) is a worldwide isotope
monitoring network of hydrogen and oxygen isotopes in precipitation, initiated in 1960 by the
International Atomic Energy Agency (IAEA) and the World Meteorological Organization (WMO), and
operates in cooperation with numerous partner institutions in Member States.

What is Isotope Hydrology? | IAEA

Mar 25, 2025 - They use naturally occurring isotopes as tracers to find out where groundwater
comes from, if it's recent or old, if it is being recharged or polluted and how it travels. The quotes in
this article come from a podcast on the topic: Nuclear Explained - What is Isotope Hydrology? Listen
to the full interviews, and others on the same topic, here.

Que sont les radiopharmaceutiques ? | AIEA
Mar 1, 2024 - Les radiopharmaceutiques sont des médicaments qui contiennent, entre autres, des



formes radioactives d’éléments chimiques appelées radio-isotopes. En fonction du type de
rayonnement que ces derniers émettent, ils peuvent servir soit au diagnostic soit au traitement de
plusieurs maladies ...

Stable isotopes | IAEA

Sep 17, 2019 - Stable isotopes are non-radioactive forms of atoms. Although they do not emit
radiation, their unique properties enable them to be used in a broad variety of applications,
including water and soil management, environmental ...

Nuclear Data Services | IAEA

Jan 15, 2020 - Nuclear structure and decay data describe the lifetimes and decay modes of unstable
isotopes, as well as the spectrum of emitted radiation. Nuclear reaction data describe cross sections
for fundamental collision processes, for example between a neutron and a nucleus or between two
nuclei.

Les réacteurs de recherche au service de la production d’isotopes ...

Production de radio-isotopes Sur les quarante pays qui disposent de réacteurs de recherche
capables de produire des radio-isotopes, environ 25 en produisent activement pour des applications
médicales. Le plus souvent, les radio-isotopes sont destinés au marché national.

Unlock the mysteries of isotopes and atomic mass with our comprehensive answer key. Learn how to
master these concepts effectively. Discover how today!
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