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Nuclear  chemistry often feels  like a language of  its  own.  For
students  tackling  a  Writing  Nuclear  Equations  Chem
Worksheet  4  4,  the  process  can  seem  daunting  at  first.  Yet,
understanding  how  to  represent  radioactive  decay,  nuclear
bombardment, and transmutation through balanced equations is
a foundational  skill  in  chemistry.  This  guide breaks down the
process  step  by  step,  offering  clear  explanations,  practical
examples,  and  the  strategies  you  need  to  confidently  complete
your  worksheet.  Whether  you  are  preparing  for  an  exam or
simply trying to make sense of the numbers and symbols, this
article will help you translate the invisible world of the nucleus
into a clear, balanced language.
Writing nuclear equations is not just about memorizing symbols;
it  is  about recognizing the fundamental  rules that govern the
stability  and  transformation  of  atoms.  The  key  difference  from
chemical  equations  is  that  nuclear  equations  focus  on
changes  in  the  nucleus—specifically,  the  number  of  protons
and neutrons—rather than the rearrangement of electrons. The
Chemical  Worksheet  4  4  is  designed  to  reinforce  these
principles through practice. Let us begin by understanding what
nuclear equations are and why they matter.

What Are Nuclear
Equations?
A nuclear  equation is  a  symbolic  representation  of  a  nuclear
reaction. In these equations, we write the parent nucleus (the
starting isotope) on the left, followed by the emitted particle or
particles,  and  then  the  daughter  nucleus  (the  product).  The
fundamental  law  that  governs  all  nuclear  equations  is  the
conservation of  mass number and atomic  number.  This
means the sum of the mass numbers (superscripts) on the left
must equal the sum on the right, and the sum of the atomic
numbers (subscripts) must also be equal. For example, in alpha
decay, the parent nucleus loses an alpha particle (two protons
and two neutrons), so the atomic number decreases by two and
the mass number decreases by four.
When  working  on  Writing  Nuclear  Equations  Chem
Worksheet 4 4, you will encounter several types of reactions:
alpha decay, beta decay, gamma emission, positron emission,
electron capture, and artificial transmutation. Each has a distinct
representation and set of rules. Let us explore each type in detail.

The Major Types of Nuclear
Reactions
ALPHA DECAY

Alpha decay occurs when an unstable nucleus emits an alpha
particle, which is essentially a helium-4 nucleus (written as 4He or

4He2, but in equations we often represent it as 4He or simply α).
The daughter nucleus has an atomic number reduced by 2 and a
mass  number  reduced  by  4.  For  instance,  the  decay  of
uranium-238 into thorium-234 is a classic alpha decay.
Example:
238U → 234Th + 4He
When you see a problem in Chem Worksheet 4 4 that involves
an element with a high atomic number (typically > 83), it is often
an  alpha  emitter.  Always  check  that  the  mass  and  atomic
numbers balance. For alpha decay, the sum of the daughter's
mass number and 4 equals the parent's mass number, and the
daughter's  atomic  number  plus  2  equals  the  parent's  atomic
number.

BETA DECAY (Β⁻ DECAY)
Beta decay involves the conversion of a neutron into a proton, an
electron  (the  beta  particle),  and  an  antineutrino.  In  nuclear
equations, the beta particle is written as 0

-1β (or simply β⁻). The
atomic number of the daughter nucleus increases by one, while
the mass number remains the same. This often happens with
neutron-rich  isotopes.  For  example,  carbon-14  decays  into
nitrogen-14  via  beta  emission.
Example:
14C → 14N + 0

-1β
Balancing beta decay equations requires paying attention to the
subscript  -1  for  the  electron.  Many  students  forget  that  the
emitted particle has a negative atomic number, which effectively
increases  the  atomic  number  of  the  daughter.  Your  Writing
Nuclear  Equations  Chem Worksheet  4  4  will  likely  have
several of these to practice.

GAMMA DECAY

Gamma decay is the emission of high-energy photons (gamma
rays)  from  an  excited  nucleus.  Unlike  alpha  or  beta  decay,
gamma decay  does  not  change  the  atomic  number  or  mass
number of the nucleus. It simply represents the release of excess
energy. In equations, gamma is written as 0

0γ or simply γ. Often,
gamma decay accompanies other types of radioactive decay, but
it can also occur alone when a metastable nucleus relaxes to its
ground  state.  For  example,  technetium-99m  decays  to
technetium-99  with  the  emission  of  a  gamma  ray.
Example:
99mTc → 99Tc + γ
When interpreting worksheet problems, remember that gamma
emission  leaves  the  nucleus  unchanged  in  terms  of
composition—only  the  energy  state  changes.

POSITRON EMISSION (Β⁺ DECAY)
Positron emission is the opposite of beta decay. In this process, a
proton in the nucleus is converted into a neutron, and a positron
(the  antimatter  counterpart  of  an  electron)  is  emitted.  The
positron is written as 0

+1β (or β⁺). The atomic number decreases
by one, while the mass number stays the same. This decay is
common in proton-rich isotopes. For example, carbon-11 decays
into boron-11 via positron emission.
Example:
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11C → 11B + 0
+1β

On your worksheet, you may need to distinguish between beta-
minus and beta-plus decay. The key is the subscript sign: -1 for
beta minus (electron) and +1 for positron. Balancing the atomic
number  is  straightforward  once  you  remember  these  sign
conventions.

ELECTRON CAPTURE

Electron capture is  a process where an inner-shell  electron is
captured by the nucleus,  combining with  a  proton to  form a
neutron. The atomic number decreases by one, and mass number
remains the same. The equation is written with an electron on the
left side as a reactant.
Example:
7Be + 0

-1e → 7Li
Electron capture is often confused with beta decay, but note that
the  electron  is  on  the  left  side  of  the  arrow.  Your  Chem
Worksheet 4 4 may include problems that ask you to write the
daughter nucleus after electron capture.

ARTIFICIAL TRANSMUTATION (BOMBARDMENT
REACTIONS)
In addition to natural radioactive decay, nuclear equations also
cover reactions where a nucleus is bombarded by a particle (such
as a neutron, proton, or alpha particle) to form a new nucleus.
This is how many artificial isotopes are created. For instance, the
conversion  of  nitrogen-14  into  carbon-14  by  neutron
bombardment  is  a  famous  example.
Example:
14N + 1n → 14C + 1H
When writing these equations, you must account for all particles
on both sides. The balancing rules remain the same: the sum of
mass  numbers  on the left  equals  the sum on the right,  and
similarly  for  atomic numbers.  In  Writing Nuclear Equations
Chem Worksheet 4 4,  these problems often require you to
identify the missing particle or the unknown nucleus.

Step-by-Step Approach to
Writing Nuclear Equations
To  successfully  complete  your  worksheet,  follow  a  consistent
method:

Identify the type of reaction. Read the problem1.
carefully. Does it say "emits an alpha particle" or
"undergoes beta decay"? This tells you the emitted particle.
Write the parent nucleus. Use the standard notation:2.
mass number as superscript, atomic number as subscript,
and the element symbol.
Write the emitted particle. Use the correct form (e.g.,3.
4He for alpha, 0

-1β for beta-minus, 0
+1β for positron, γ for

gamma, 1n for neutron, 1H for proton, etc.).
Determine the daughter nucleus. Subtract the mass4.
number and atomic number of the emitted particle from
the parent, or add if it is an electron capture (where the
electron is a reactant).
Check the balance. Verify that the total mass numbers on5.
both sides are equal and the total atomic numbers are
equal. If not, recheck your particle assignment.

Look up the element. Use the periodic table to find the6.
element that corresponds to the atomic number of the
daughter nucleus. Write its symbol.

For  example,  suppose  a  problem  states:  "Polonium-210
undergoes  alpha  decay.  Write  the  equation."  Polonium  has
atomic number 84. After alpha decay, the mass number becomes
210 – 4 = 206, and atomic number becomes 84 – 2 = 82, which is
lead. So the equation is 210Po → 206Pb + 4He. Always double-check
the periodic table for correct element symbols.

Common Pitfalls and How
to Avoid Them
Many  students  make  simple  errors  when  writing  nuclear
equations.  Here  are  some  frequent  mistakes  and  tips  to
overcome them:

Mistaking beta particles: Remember that a beta-minus
particle is an electron (subscript -1), while a beta-plus
particle (positron) has subscript +1. Mixing them up leads
to incorrect atomic numbers.
Forgetting that gamma rays have no mass or charge:
Gamma emission does not change the nucleus, so the
daughter is the same element and isotope as the parent
(except in a metastable state).
Incorrectly writing neutron or proton particles: A
neutron is 1n (mass 1, charge 0), a proton is 1H (mass 1,
charge 1). Do not confuse them.
Neglecting to balance both numbers: Always check
both mass and atomic numbers. A common oversight is
checking only mass number.
Using the wrong element symbol: After calculating the
atomic number, always verify the symbol using the periodic
table. For instance, atomic number 78 is platinum, not gold
(79).

Practicing  with  a  Writing  Nuclear  Equations  Chem
Worksheet 4 4 will help you internalize these rules. The more
you practice, the more automatic the balancing becomes.

How to Use Chem
Worksheet 4 4 Effectively
This worksheet likely contains a mix of fill-in-the-blank, multiple-
choice, and writing problems. To get the most out of it:

Review the theory first: Before starting, go through the
notes or textbook on nuclear reactions. Make sure you
know the symbols for alpha, beta, gamma, positron, and
neutron.
Work through examples: Use the examples in this article
as a guide. Write them out yourself to reinforce the pattern.
Check your answers: After completing a few problems,
verify with a reliable source or with your teacher. Many
worksheets have an answer key, but if not, use the
conservation rules as your check.
Focus on difficult reactions: If you find positron emission
or electron capture tricky, do extra practice problems. You
can create your own by starting with a known isotope and
applying


