WORKSHEET ASSIGNING OXIDATION NUMBERS

X/ ORKSHEET ASSIGNING OXIDATION NUMBERS IS AN ESSENTIAL TOOL IN THE STUDY OF CHEMISTRY, PARTICULARLY IN
UNDERSTANDING REDOX (REDUCTION‘OXIDATION) REACTIONS. OXIDATION NUMBERS, ALSO KNOWN AS OXIDATION STATES,
PROVIDE A WAY TO KEEP TRACK OF ELECTRONS IN CHEMICAL REACTIONS, HELPING CHEMISTS IDENTIFY WHICH SPECIES ARE
OXIDIZED AND WHICH ARE REDUCED. THIS ARTICLE OUTLINES THE PRINCIPLES OF ASSIGNING OXIDATION NUMBERS, PRACTICAL
APPLICATIONS, AND PROVIDES A COMPREHENSIVE WORKSHEET TO PRACTICE THESE CONCEPTS.

UNDERSTANDING OXIDATION NUMBERS

OXIDATION NUMBERS ARE THEORETICAL CONSTRUCTS THAT HELP DESCRIBE THE DEGREE OF OXIDATION OF AN ATOM IN A
MOLECULE. THEY ARE ASSIGNED BASED ON A SET OF RULES THAT TAKE INTO ACCOUNT THE ELECTRONEGATIVITY OF ELEMENTS
AND THEIR BONDING CHARACTERISTICS.

WHAT IS AN OXIDATION NUMBER?

AN OXIDATION NUMBER CAN BE DEFINED AS:
- A HYPOTHETICAL CHARGE THAT AN ATOM WOULD HAVE IF ALL BONDS TO ATOMS OF DIFFERENT ELEMENTS WERE ]OOO/O IONIC.
- |T HELPS TO IDENTIFY THE ELECTRON TRANSFER DURING CHEMICAL REACTIONS.

OXIDATION NUMBERS CAN BE POSITIVE, NEGATIVE, OR ZERO, AND THEY ARE CRUCIAL IN BALANCING REDOX REACTIONS, WHERE
THE TOTAL NUMBER OF ELECTRONS LOST EQUALS THE TOTAL NUMBER OF ELECTRONS GAINED.

RULES FOR ASSIGNING OXIDATION NUMBERS

W/HEN ASSIGNING OXIDATION NUMBERS, SEVERAL RULES MUST BE FOLLOWED. HERE IS A LIST OF THE KEY RULES:

1. THE OXIDATION NUMBER OF AN ATOM IN ITS ELEMENTAL FORM IS ZERO.
- ExampLE: O,, N,, AND FE HAVE OXIDATION NUMBERS OF 0.

2. THE OXIDATION NUMBER OF A MONOATOMIC ION IS EQUAL TO ITS CHARGE.
- ExaMpLE: NA* HAS AN OXIDATION NUMBER OF +1, AND CL™ HAS AN OXIDATION NUMBER OF - 1.

3. IN COMPOUNDS, THE OXIDATION NUMBER OF HYDROGEN IS + 1, AND FOR OXYGEN, IT IS -2.
- EXCEPTION: IN PEROXIDES, OXYGEN HAS AN OXIDATION NUMBER OF - 1.

4. THE SUM OF OXIDATION NUMBERS IN A NEUTRAL COMPOUND IS ZERO.
- EXAMPLE: IN H,O, THE OXIDATION NUMBER OF H 1S +1 (2 HYDROGENS) AND O 1S -2, WHICH Sums To O.

5. THE SUM OF OXIDATION NUMBERS IN A POLYATOMIC ION IS EQUAL TO THE CHARGE OF THE ION.
- EXAMPLE: IN SO 427, THE SUM OF OXIDATION NUMBERS IS - 2.

6. GRouP 1 ELEMENTS (ALKALI METALS) ALWAYS HAVE AN OXIDATION NUMBER OF +1, AND GROUP 2 ELEMENTS (ALKALINE
EARTH METALS) ALWAYS HAVE AN OXIDATION NUMBER OF +2.

7. FLUORINE ALWAYS HAS AN OXIDATION NUMBER OF - 1 IN COMPOUNDS.

8. OTHER HALOGENS (CL, BR, |) TYPICALLY HAVE OXIDATION NUMBERS OF -~ 1, UNLESS COMBINED WITH OXYGEN OR OTHER
HALOGENS.



PrRACTICAL APPLICATIONS OF OXIDATION NUMBERS

(UNDERSTANDING OXIDATION NUMBERS IS CRITICAL IN SEVERAL AREAS OF CHEMISTRY, INCLUDING:
- BALANCING REDOX REACTIONS

- ANALYZING REACTION MECHANISMS

- UNDERSTANDING BIOLOGICAL PROCESSES SUCH AS RESPIRATION AND PHOTOSYNTHESIS

- INDUSTRIAL PROCESSES LIKE METALLURGY AND ELECTROCHEMISTRY

BALANCING REDOX REACTIONS

\W/HEN BALANCING REDOX REACTIONS, OXIDATION NUMBERS HELP IDENTIFY WHICH ATOMS UNDERGO OXIDATION AND WHICH
UNDERGO REDUCTION. THE FOLLOWING STEPS OUTLINE THE TYPICAL APPROACH:

1. ASSIGN OXIDATION NUMBERS TO ALL ATOMS IN THE REACTION.

2. IDENTIFY THE SPECIES THAT ARE OXIDIZED AND REDUCED.

3. BALANCE THE CHANGES IN OXIDATION NUMBERS BY ADJUSTING COEFFICIENTS.
4. ENSURE MASS AND CHARGE BALANCE IN THE FINAL EQUATION.

FOR EXAMPLE, IN THE REACTION OF ZINC WITH COPPER SULFATE:
-IN(s) Bl Zn?*(AQ) + 2€” (oxIDATION, ZN GOES FRoM O TO +2)
- Cu**(AaQ) + 267 ] Cu(s) (repucTion, Cu Goes FrRoM +2 To 0)

THE OVERALL BALANCED EQUATION IS:
\[ \texT{Zn(s) + CuSO} 4(AQ) \ricHTARROW \TEXT{ZNSO} 4(aQ) + \TexT{Cu(s)} \]

OxIDATION NUMBERS IN BIOLOGICAL PROCESSES

IN BIOCHEMISTRY , OXIDATION NUMBERS PLAY A VITAL ROLE IN UNDERSTANDING METABOLIC PATHWAYS. FOR INSTANCE, DURING
CELLULAR RESPIRATION, GLUCOSE (C¢H;,0,) Is oxipizep To cArRBON DIOXIDE (CO,), AND oxYGEN (O,) IS REDUCED TO
wATER (H,0).

1. OXIDATION oF GLUCOSE:
- THE OXIDATION NUMBER OF CARBON IN GLUCOSE DECREASES AS IT IS CONVERTED TO CO,,

2. RebucTIoN oF OXYGEN:
- THE OXIDATION NUMBER OF OXYGEN DECREASES AS IT IS CONVERTED TO WATER.

THESE CHANGES ARE CRUCIAL FOR ENERGY TRANSFER IN CELLS, HIGHLIGHTING THE IMPORTANCE OF OXIDATION STATES IN
BIOCHEMISTRY.

INDUSTRIAL APPLICATIONS

IN INDUSTRY, OXIDATION NUMBERS ARE SIGNIFICANT IN PROCESSES SUCH AS:

- ELECTROLYSIS: UNDERSTANDING OXIDATION STATES HELPS IN THE EXTRACTION OF METALS FROM ORES.

- CORROSION: THE OXIDATION OF METALS PLAYS A CRITICAL ROLE IN CORROSION PROCESSES, WHICH CAN BE MITIGATED
THROUGH PROTECTIVE COATINGS.

- SYNTHESIS OF CHEMICALS: KNOWLEDGE OF OXIDATION STATES AIDS IN THE SYNTHESIS OF VARIOUS COMPOUNDS, ENSURING
DESIRED PRODUCTS ARE FORMED.



¥/ ORKSHEET FOR ASSIGNING OXIDATION NUMBERS

TO REINFORCE THE UNDERSTANDING OF ASSIGNING OXIDATION NUMBERS, A WORKSHEET CAN BE AN EFFECTIVE TOOL. BeLow I1s A
SAMPLE WORKSHEET THAT CAN BE USED FOR PRACTICE.

W/ ORKSHEET: ASSIGNING OXIDATION NUMBERS

1. ASSIGN OXIDATION NUMBERS TO THE FOLLOWING COMPOUNDS:
A.H,O

B. NaCL

c. CA(OH),
D. NH,4

E. SO,

F. H,SO,

G. CH,

H. KMNO

2. IDENTIFY THE OXIDATION AND REDUCTION STATES IN THE FOLLOWING REACTIONS:
A. 2FE,O4 + 3C 4Fe + 3CO,

B. 2AGNO, + Cuf] 2Ac + Cu(NO3,),

C.2H, + O, ] 2H,O

3. FOR EACH OF THE FOLLOWING REACTIONS, ASSIGN OXIDATION NUMBERS AND IDENTIFY THE OXIDIZING AND REDUCING AGENTS:
A. 4Fe + 30, 2Fe,0,

B. ZN + 2HCL INCL, + H,

c. CgHq,O4 + 60, 6CO, + 6H,O

4. FILL IN THE BLANK WITH THE CORRECT OXIDATION NUMBER:
A.INH,O, HHAS AN OXIDATION NUMBER OF ____

B. INNA,SO,, THE OXIDATION NUMBER OF SIS ___

C. INH,O,, THE OXIDATIONNUMBER OF OIS

5. CREATE A SUMMARY TABLE FOR THE OXIDATION NUMBERS OF COMMON ELEMENTS:
| ELEMENT | OxiDATION NuMBER(S) |

—— S — |

| HyoroGen | +1 |

| OxvGen | -2, -1 (IN PEROXIDES)|

| FLUORINE | -1 |

| ALkALI METALS | +1 |

| ALKALINE EARTH METALS | +2 |

| HALoGENS | -1 (UNLESS BONDED TO O OR OTHER HALOGENS) |

CoNcLUSION

IN CONCLUSION, THE CONCEPT OF WORKSHEET ASSIGNING OXIDATION NUMBERS SERVES AS A FOUNDATIONAL ASPECT OF
CHEMISTRY THAT ENABLES A DEEPER UNDERSTANDING OF CHEMICAL REACTIONS AND THEIR IMPLICATIONS. BY MASTERING THE
RULES FOR ASSIGNING OXIDATION STATES AND APPLYING THEM TO VARIOUS SCENARIOS, STUDENTS AND PROFESSIONALS ALIKE
CAN ENHANCE THEIR COMPREHENSION OF BOTH THEORETICAL AND PRACTICAL CHEMISTRY. WHETHER IN A CLASSROOM SETTING OR
A LABORATORY, THE ABILITY TO ACCURATELY ASSIGN OXIDATION NUMBERS IS A CRITICAL SKILL THAT SUPPORTS NUMEROUS
APPLICATIONS ACROSS SCIENTIFIC FIELDS.

FREQUENTLY AskeD QUESTIONS



\WHAT IS THE PURPOSE OF ASSIGNING OXIDATION NUMBERS IN A CHEMICAL COMPOUND?

ASSIGNING OXIDATION NUMBERS HELPS TO DETERMINE THE DISTRIBUTION OF ELECTRONS AMONG ATOMS IN A COMPOUND, WHICH
IS ESSENTIAL FOR UNDERSTANDING REDOX REACTIONS AND BALANCING CHEMICAL EQUATIONS.

How DO YOU ASSIGN OXIDATION NUMBERS TO ELEMENTS IN A COMPOUND?

TO ASSIGN OXIDATION NUMBERS, FOLLOW THESE RULES: THE OXIDATION NUMBER OF AN ELEMENT IN ITS ELEMENTAL FORM IS O,
FOR MONOATOMIC IONS IT EQUALS THE CHARGE OF THE ION, OXYGEN TYPICALLY HAS AN OXIDATION NUMBER OF ‘2, AND
HYDROGEN USUALLY HAS + 1 WHEN BONDED TO NONMETALS.

WHAT IS THE OXIDATION NUMBER OF OXYGEN IN PEROXIDES?

IN PEROXIDES, THE OXIDATION NUMBER OF OXYGEN IS - 1 , UNLIKE THE COMMON -2 OXIDATION STATE FOUND IN MOST
COMPOUNDS.

CAN OXIDATION NUMBERS BE FRACTIONAL , AND IF SO, IN WHAT CASES?

YES/ OXIDATION NUMBERS CAN BE FRACTIONAL IN CASES SUCH AS COORDINATION COMPLEXES AND CERTAIN ORGANIC
COMPOUNDS WHERE RESONANCE STRUCTURES ARE INVOLVED.

WHAT ARE SOME COMMON MISTAKES WHEN ASSIGNING OXIDATION NUMBERS?

COMMON MISTAKES INCLUDE INCORRECTLY ASSIGNING OXIDATION NUMBERS TO TRANSITION METALS, OVERLOOKING THE SPECIAL
CASES FOR OXYGEN AND HYDROGEN, AND NEGLECTING THE OVERALL CHARGE OF THE COMPOUND.

How Do YOU USE OXIDATION NUMBERS TO IDENTIFY REDOX REACTIONS?

REDOX REACTIONS CAN BE IDENTIFIED BY TRACKING CHANGES IN OXIDATION NUMBERS; IF THE OXIDATION NUMBER OF AN ELEMENT
INCREASES, IT IS OXIDIZED, WHILE A DECREASE INDICATES REDUCTION.

W/HAT TOOLS OR RESOURCES CAN HELP IN PRACTICING OXIDATION NUMBER
ASSIGNMENTS?

\X/ORKSHEETS, ONLINE QUIZZES, AND INTERACTIVE CHEMISTRY PLATFORMS ARE VALUABLE RESOURCES FOR PRACTICING
OXIDATION NUMBER ASSIGNMENTS AND ENHANCING UNDERSTANDING THROUGH EXAMPLES AND EXERCISES.
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