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Introduction to Oxidation Numbers

Understanding oxidation numbers (or oxidation states) is fundamental in inorganic chemistry. They
provide a way to keep track of electron transfer during chemical reactions, especially redox
reactions. The oxidation number of an element in a compound denotes the hypothetical charge that
atom would have if all bonds were purely ionic. Calculating oxidation numbers involves applying a
set of rules and principles, which serve as guidelines for assigning these values accurately.

In this article, we will systematically analyze the oxidation numbers of the elements in the
compounds LiAlH4, K2CO3, KMnO4, and K2SO4. Each compound presents unique features that
influence the oxidation states of its constituent elements, including hydrogen, oxygen, and metallic
cations.

---

General Rules for Calculating Oxidation Numbers

Before delving into specific compounds, it’s essential to understand some fundamental rules:

Rules for Assigning Oxidation Numbers

Pure Elements: Elements in their standard state have an oxidation number of zero. For1.
example, Na, O₂, H₂, and Cl₂ all have oxidation number 0.

Monatomic Ions: The oxidation number equals the ion’s charge. For example, Na⁺ has +1, Cl⁻2.
has -1.

Oxygen: Usually -2 in most compounds, except in peroxides (where it is -1), superoxides, or in3.
compounds with fluorine.

Hydrogen: Usually +1 when bonded to non-metals, and -1 when bonded to metals (as in4.
hydrides).

Alkali Metals and Alkali Earth Metals: Group 1 metals (Li, K, etc.) are +1, and alkaline earth5.
metals are +2.



Sum of Oxidation Numbers: The sum of oxidation numbers in a neutral compound is zero; in an6.
ion, it equals the ion’s charge.

Applying these rules allows us to systematically determine the oxidation states of each element in
the compounds.

---

Oxidation Number in Lithium Aluminum Hydride
(LiAlH4)

Structure and Composition
LiAlH₄ is an important hydride used in reduction reactions. Its structure comprises lithium (Li),
aluminum (Al), and four hydride ions (H⁻).

Calculating Oxidation Numbers
- Lithium (Li): Alkali metal, always +1.
- Hydrogen (H): In hydrides (like LiAlH₄), hydrogen is bonded to a metal and acts as hydride ion
(H⁻), with an oxidation number of -1.
- Aluminum (Al): To find Al’s oxidation number, consider that the total charge contributed by the
hydrides is 4 × (-1) = -4.

Since LiAlH₄ is neutral:
- Sum of all oxidation numbers = 0

Set up the equation:
+1 (Li) + x (Al) + 4(–1) (H) = 0

Simplify:
+1 + x – 4 = 0

Solve for x:
x = +3

Therefore:
- Li: +1
- Al: +3
- H: –1

---



Oxidation Number in Potassium Carbonate (K₂CO₃)

Structure and Composition
K₂CO₃ contains potassium (K), carbon (C), and oxygen (O). It is a salt with ionic bonding.

Calculating Oxidation Numbers
- Potassium (K): Alkali metal, always +1.
- Oxygen (O): Usually –2.
- Carbon (C): To find, apply the rule for the sum of oxidation numbers in a neutral compound.

Total charge:
(2 × +1) + (1 × x) + (3 × –2) = 0

Simplify:
+2 + x – 6 = 0

Solve for x:
x = +4

Thus:
- K: +1
- C: +4
- O: –2

---

Oxidation Number in Potassium Permanganate
(KMnO₄)

Structure and Composition
KMnO₄ is a well-known oxidizing agent, containing potassium (K), manganese (Mn), and oxygen (O).

Calculating Oxidation Numbers
- Potassium (K): +1
- Oxygen (O): –2 (standard for most compounds)

Let x be the oxidation number of Mn:
Sum of oxidation states:
+1 (K) + x (Mn) + 4(–2) (O) = 0



Calculate:
+1 + x – 8 = 0

Solve:
x = +7

Result:
- K: +1
- Mn: +7
- O: –2

Note: The high oxidation state of Mn (+7) explains KMnO₄’s strong oxidizing power.

---

Oxidation Number in Potassium Sulfate (K₂SO₄)

Structure and Composition
K₂SO₄ contains potassium (K), sulfur (S), and oxygen (O).

Calculating Oxidation Numbers
- Potassium (K): +1
- Oxygen (O): –2
- Sulfur (S): Unknown, x.

Set up the equation:
(2 × +1) + x + 4(–2) = 0

Simplify:
+2 + x – 8 = 0

Solve:
x = +6

Summary:
- K: +1
- S: +6
- O: –2

---



Summary of Oxidation Numbers for Elements in the
Given Compounds

Li in LiAlH₄: +1

Al in LiAlH₄: +3

H in LiAlH₄: –1

K in K₂CO₃: +1

C in K₂CO₃: +4

O in K₂CO₃: –2

K in KMnO₄: +1

Mn in KMnO₄: +7

O in KMnO₄: –2

K in K₂SO₄: +1

S in K₂SO₄: +6

O in K₂SO₄: –2

---

Conclusion

Calculating the oxidation number of elements in various compounds involves applying a consistent
set of rules and logical deduction based on the compound’s structure. In the analyzed compounds:

- Lithium (Li) exhibits an oxidation state of +1.
- Aluminum (Al) in LiAlH₄ has an oxidation number of +3.
- Hydrogen (H) in LiAlH₄ acts as hydride with –1.
- Potassium (K) consistently shows +1 in all compounds.
- Carbon (C) in K₂CO₃ has a +4 oxidation number.
- Manganese (Mn) in KMnO₄ reaches +7, reflecting its strong oxidizing ability.
- Sulfur (S) in K₂SO₄ is at +6, characteristic of sulfate ions.

Understanding these oxidation states is vital for predicting reactions, balancing redox equations,
and comprehending the chemical behavior of these compounds. Mastery of oxidation number



calculations enhances one's ability to analyze complex chemical systems and their reactivity profiles.

Frequently Asked Questions

What is the oxidation number of lithium (Li) in LiAlH4?
The oxidation number of lithium (Li) in LiAlH4 is +1.

How do you determine the oxidation number of aluminum (Al)
in AlH4−?
In AlH4−, hydrogen has an oxidation number of -1, so 4×(-1) = -4. Letting the oxidation number of
Al be x, then x + (-4) = -1 (overall charge), so x = +3.

What is the oxidation number of potassium (K) in K2CO3?
Potassium (K) in K2CO3 has an oxidation number of +1.

How is the oxidation number of carbon (C) determined in
K2CO3?
In K2CO3, potassium is +1 each, total +2; oxygen is -2 each, total -6. Let the oxidation number of C
be x: 2(+1) + x + 3(-2) = 0 → 2 + x - 6 = 0 → x = +4.

What is the oxidation number of manganese (Mn) in KMnO4?
In KMnO4, potassium is +1, oxygen is -2 each, so: +1 + x + 4(-2) = 0 → 1 + x -8 = 0 → x = +7.

How do you find the oxidation number of sulfur (S) in K2SO4?
In K2SO4, potassium is +1, total +2; oxygen is -2 each, total -8. Let the oxidation number of S be x:
2(+1) + x + 4(-2) = 0 → 2 + x -8 = 0 → x = +6.

Why is calculating oxidation numbers important for
understanding chemical reactions?
Calculating oxidation numbers helps identify oxidation and reduction processes, predict reaction
products, and understand electron transfer during chemical reactions.

Additional Resources
Calculate The Oxidation Number Of The Elements LiAlH₄, K₂CO₃, KMnO₄, K₂SO₄

Understanding oxidation numbers (or oxidation states) is fundamental in chemistry, especially in the



fields of redox reactions, inorganic chemistry, and electrochemistry. This detailed review aims to
elucidate the process of calculating the oxidation numbers of elements within complex compounds
such as lithium aluminium hydride (LiAlH₄), potassium carbonate (K₂CO₃), potassium permanganate
(KMnO₄), and potassium sulfate (K₂SO₄). We will explore the principles, step-by-step methodologies,
common pitfalls, and practical applications associated with these calculations.

---

Fundamentals of Oxidation Numbers

Before delving into specific compounds, it’s essential to understand the basic concepts related to
oxidation numbers:

- Definition: The oxidation number is a hypothetical charge assigned to an atom in a molecule or ion,
assuming that bonding electrons are assigned to the more electronegative atom.
- Purpose: It helps in balancing redox reactions, determining electron transfer, and understanding
chemical behaviors.
- Rules for Assigning Oxidation Numbers:
1. The oxidation number of an element in its free, uncombined state is zero. (e.g., O₂, N₂, H₂, S₈)
2. The oxidation number of a monatomic ion equals its charge. (e.g., Na⁺ = +1, Cl⁻ = -1)
3. Oxygen generally has an oxidation number of -2 in most compounds, except in peroxides (where it
is -1) and certain compounds like OF₂.
4. Hydrogen usually has an oxidation number of +1 when bonded to nonmetals and -1 when bonded
to metals (metal hydrides).
5. The sum of oxidation numbers in a neutral compound is zero; in a polyatomic ion, it equals the
ion’s charge.

With these rules in mind, we can systematically calculate the oxidation numbers in complex
compounds.

---

Calculating Oxidation Numbers in LiAlH₄ (Lithium
Aluminium Hydride)

Composition and Structure

LiAlH₄ is an inorganic compound widely used as a reducing agent. Its structure comprises:

- Lithium (Li): a alkali metal.
- Aluminum (Al): a metalloid.
- Hydrogen (H): present as hydride ions.

Step-by-Step Calculation

1. Identify Known Oxidation Numbers:



- Lithium (Li): As an alkali metal, it almost always has an oxidation number of +1.
- Hydrogen in hydrides: When bonded to metals or metalloids as in hydrides, hydrogen has an
oxidation number of -1.
- Aluminum (Al): To find its oxidation number, we use the overall neutrality of the compound.

2. Set Up the Equation:

Let x be the oxidation number of Al.

The total charge in LiAlH₄ is zero (neutral molecule):

\[
(+1) \text{ from Li} + x \text{ from Al} + 4 \times (-1) \text{ from H} = 0
\]

3. Solve for x:

\[
+1 + x - 4 = 0
\]

\[
x - 3 = 0
\]

\[
x = +3
\]

Result:
- Aluminum (Al): +3
- Hydrogen (H): -1
- Lithium (Li): +1

This calculation aligns with the typical oxidation state of aluminum in hydrides.

---

Calculating Oxidation Numbers in K₂CO₃ (Potassium
Carbonate)

Composition and Structure

Potassium carbonate is a common salt with the formula K₂CO₃. It consists of:

- Potassium (K): alkali metal cations.
- Carbonate ion (CO₃²⁻): a polyatomic ion.



Step-by-Step Calculation

1. Identify Known Oxidation Numbers:
- Potassium (K): As an alkali metal, oxidation number +1.
- Carbonate ion (CO₃²⁻): a polyatomic ion with a charge of -2.

2. Calculate the Oxidation Number of Carbon (C):

- The oxygen atoms in carbonate: each oxygen atom has an oxidation number of -2 (standard rule).
- The total contribution from oxygen atoms:

\[
3 \times (-2) = -6
\]

3. Set Up the Equation for the Carbonate Ion:

Let x be the oxidation number of carbon:

\[
x + (-6) = -2
\]

\[
x = -2 + 6
\]

\[
x = +4
\]

4. Verify the Charge Balance:

- The sum of oxidation numbers in CO₃²⁻: \( +4 + 3 \times (-2) = +4 - 6 = -2 \), matching the ion's
charge.
- In K₂CO₃:

\[
2 \times (+1) + (+4) + 3 \times (-2) = 2 + 4 - 6 = 0
\]

The compound is neutral, confirming the correctness.

Summary:
- Potassium (K): +1
- Carbon (C): +4
- Oxygen (O): -2

---



Calculating Oxidation Numbers in KMnO₄ (Potassium
Permanganate)

Composition and Structure

KMnO₄ is a well-known strong oxidizing agent. It contains:

- Potassium (K): alkali metal.
- Manganese (Mn): transition metal.
- Oxygen (O): in peroxo form.

Step-by-Step Calculation

1. Known Oxidation Numbers:
- Potassium (K): +1.
- Oxygen (O): Typically -2, but in MnO₄⁻, the overall charge is -1.

2. Set Up the Equation for Manganese:

Let x be the oxidation number of Mn.

The total charge on the permanganate ion (MnO₄⁻):

\[
x + 4 \times (-2) = -1
\]

3. Solve for x:

\[
x - 8 = -1
\]

\[
x = -1 + 8 = +7
\]

4. Verify with potassium:

- The compound is neutral, with K as +1 and Mn as +7:

\[
(+1) + (+7) + 4 \times (-2) = 1 + 7 - 8 = 0
\]

Confirming the assignments.

Result:
- Manganese (Mn): +7



- Potassium (K): +1
- Oxygen (O): -2

This high oxidation state (+7) indicates manganese's strong oxidizing capacity in KMnO₄.

---

Calculating Oxidation Numbers in K₂SO₄ (Potassium
Sulfate)

Composition and Structure

Potassium sulfate is an important inorganic salt combining:

- Potassium (K): alkali metal cation.
- Sulfate ion (SO₄²⁻): a polyatomic ion.

Step-by-Step Calculation

1. Identify Known Oxidation Numbers:
- Potassium (K): +1.
- Sulfate ion (SO₄²⁻): overall charge -2.

2. Calculate Sulfur’s Oxidation Number:

- Oxygen: -2 per atom.
- Total oxygen contribution:

\[
4 \times (-2) = -8
\]

- Let x be sulfur's oxidation number:

\[
x + (-8) = -2
\]

- Solve for x:

\[
x = -2 + 8 = +6
\]

3. Charge Balance in K₂SO₄:

- Total positive charge from potassium:



\[
2 \times (+1) = +2
\]

- Total negative charge from sulfate:

\[
-2
\]

- The total charge sums to zero:

\[
2 + (+6) + 4 \times (-2) = 2 + 6 - 8 = 0
\]

Confirmed.

Summary:
- Potassium (K): +1
- Sulfur (S): +6
- Oxygen (O): -2

---

Practical Significance and Applications of Oxidation
Number Calculations

Calculating oxidation numbers is not merely an academic exercise but a crucial aspect of
understanding chemical reactivity, redox processes, and
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