WRITING THE HALF REACTIONS OF A METAL NONMETAL
REACTION

WRITING THE HALF REACTIONS OF A METAL NONMETAL REACTION INVOLVES UNDERSTANDING THE FUNDAMENTAL PROCESSES OF
OXIDATION AND REDUCTION THAT OCCUR WHEN METALS AND NONMETALS CHEMICALLY INTERACT. THIS ARTICLE WILL EXPLORE
THE PRINCIPLES BEHIND HALF REACTIONS, THEIR SIGNIFICANCE IN REDOX CHEMISTRY, AND STEP-BY-STEP METHODS FOR
ACCURATELY WRITING THESE EQUATIONS. THE FOCUS WILL INCLUDE IDENTIFYING OXIDATION STATES, BALANCING ELECTRON
TRANSFER, AND COMBINING HALF REACTIONS TO REPRESENT THE OVERALL REACTION BETWEEN A METAL AND A NONMETAL.
ADDITIONALLY, PRACTICAL EXAMPLES WILL ILLUSTRATE THE PROCESS, ENHANCING COMPREHENSION FOR STUDENTS AND
PROFESSIONALS DEALING WITH METAL-NONMETAL INTERACTIONS IN VARIOUS CHEMICAL CONTEXTS. BY MASTERING THE
TECHNIQUE OF WRITING HALF REACTIONS, ONE CAN GAIN DEEPER INSIGHT INTO ELECTRON FLOW, REACTION MECHANISMS, AND THE
STOICHIOMETRY OF REDOX PROCESSES. THE FOLLOWING SECTIONS OUTLINE THE KEY ASPECTS OF WRITING HALF REACTIONS OF
A METAL NONMETAL REACTION.

o |UNDERSTANDING METAL NONMETAL REACTIONS
e THe CoNCEPT oF HALF REACTIONS

o [DENTIFYING OXIDATION AND REDUCTION IN METAL NONMETAL REACTIONS

STeEP-BY-STEP GUIDE TO WRITING HALF REACTIONS

BALANCING HALF REACTIONS FOR METAL NONMETAL REACTIONS

o ExAMPLES oF WRITING HALF REACTIONS IN METAL NONMETAL SYSTEMS

UNDERSTANDING METAL NONMETAL REACTIONS

METAL NONMETAL REACTIONS ARE FUNDAMENTAL CHEMICAL PROCESSES WHERE METALS AND NONMETALS COMBINE TO FORM IONIC
COMPOUNDS. THESE REACTIONS TYPICALLY INVOLVE THE TRANSFER OF ELECTRONS FROM THE METAL TO THE NONMETAL,
RESULTING IN OXIDATION OF THE METAL AND REDUCTION OF THE NONMETAL. THE METAL ATOMS LOSE ELECTRONS TO FORM
POSITIVELY CHARGED CATIONS, WHILE THE NONMETAL ATOMS GAIN ELECTRONS TO FORM NEGATIVELY CHARGED ANIONS. THIS
ELECTRON TRANSFER IS CENTRAL TO THE FORMATION OF IONIC BONDS, WHICH HOLD THE RESULTING COMPOUNDS TOGETHER.
UNDERSTANDING THE NATURE OF THESE REACTIONS IS CRUCIAL FOR WRITING THE HALF REACTIONS THAT DESCRIBE THE ELECTRON
EXCHANGE ACCURATELY. THE STUDY OF METAL NONMETAL REACTIONS ALSO PROVIDES INSIGHT INTO THE ELECTROCHEMICAL
BEHAVIOR OF ELEMENTS AND HOW THEY INTERACT UNDER DIFFERENT CONDITIONS.

CHARACTERISTICS OF METAL NONMETAL REACTIONS

METAL NONMETAL REACTIONS ARE CHARACTERIZED BY SEVERAL KEY FEATURES:

e ELECTRON TRANSFER FROM METAL TO NONMETAL

e FORMATION OF IONIC COMPOUNDS WITH HIGH LATTICE ENERGY

CHANGES IN OXIDATION STATES OF BOTH REACTANTS

e USUALLY EXOTHERMIC REACTIONS DUE TO BOND FORMATION

o CLEAR REDOX BEHAVIOR INVOLVING OXIDATION AND REDUCTION



CoMMoN ExAMPLES

TYPICAL EXAMPLES INCLUDE THE REACTION OF SODIUM WITH CHLORINE TO FORM SODIUM CHLORIDE AND MAGNESIUM WITH
OXYGEN TO FORM MAGNESIUM OXIDE. T HESE REACTIONS EXEMPLIFY HOW METALS LOSE ELECTRONS AND NONMETALS GAIN
ELECTRONS, FACILITATING THE WRITING OF HALF REACTIONS.

THe CoNCEPT oF HALF REACTIONS

HALF REACTIONS ARE CHEMICAL EQUATIONS THAT DESCRIBE EITHER THE OXIDATION OR REDUCTION PROCESS SEPARATELY
WITHIN A REDOX REACTION. THEY ISOLATE THE ELECTRON TRANSFER COMPONENT, MAKING IT EASIER TO UNDERSTAND AND
BALANCE REDOX REACTIONS. IN THE CONTEXT OF METAL NONMETAL REACTIONS, WRITING THE HALF REACTIONS INVOLVES
BREAKING DOWN THE OVERALL REACTION INTO TWO PARTS: THE OXIDATION HALF, WHERE THE METAL LOSES ELECTRONS, AND
THE REDUCTION HALF, WHERE THE NONMETAL GAINS ELECTRONS. THIS METHOD CLARIFIES THE ELECTRON FLOW AND ASSISTS IN
BALANCING THE OVERALL REACTION BY ENSURING THAT THE NUMBER OF ELECTRONS LOST EQUALS THE NUMBER OF ELECTRONS
GAINED.

RoLE oF HALF REACTIONS IN REDox CHEMISTRY

HALF REACTIONS SERVE MULTIPLE ROLES IN REDOX CHEMISTRY:
® THEY SIMPLIFY COMPLEX REACTIONS BY FOCUSING ON ELECTRON TRANSFER
e HELP IDENTIFY OXIDIZING AND REDUCING AGENTS
® ASSIST IN BALANCING REDOX REACTIONS SYSTEMATICALLY

® PROVIDE INSIGHT INTO ELECTROCHEMICAL PROCESSES SUCH AS CORROSION, BATTERIES, AND ELECTROLYSIS

NOTATION AND FORMAT

A HALF REACTION IS WRITTEN WITH REACTANTS ON ONE SIDE AND PRODUCTS ON THE OTHER, INCLUDING ELECTRONS TO SHOW
TRANSFER. FOR EXAMPLE, AN OXIDATION HALF REACTION MIGHT BE WRITTEN AS: MeTAL (S)E METAL ION (AQ) + ELECTRONS
THE INCLUSION OF ELECTRONS EXPLICITLY REPRESENTS THE CHARGE AND ELECTRON BALANCE INVOLVED.

IDENTIFYING OXIDATION AND REDUCTION IN METAL NONMETAL REACTIONS

IDENTIFYING WHICH SPECIES UNDERGO OXIDATION AND WHICH UNDERGO REDUCTION IS ESSENTIAL FOR WRITING THE HALF
REACTIONS OF A METAL NONMETAL REACTION. OXIDATION INVOLVES THE LOSS OF ELECTRONS AND AN INCREASE IN OXIDATION
STATE, TYPICALLY SEEN IN METALS DURING THESE REACTIONS. REDUCTION INVOLVES THE GAIN OF ELECTRONS AND A DECREASE
IN OXIDATION STATE, COMMONLY OBSERVED IN NONMETALS. DETERMINING THESE CHANGES REQUIRES ASSIGNING OXIDATION
NUMBERS TO EACH ELEMENT BEFORE AND AFTER THE REACTION.

ASSIGNING OXIDATION STATES

OXIDATION STATES ARE ASSIGNED BASED ON A SET OF STANDARDIZED RULES:

1. THE OXIDATION STATE OF ANY PURE ELEMENT IS ZERO.



2. For MONOATOMIC IONS, THE OXIDATION STATE EQUALS THE ION CHARGE.
3. OXYGEN GENERALLY HAS AN OXIDATION STATE OF ‘2, EXCEPT IN PEROXIDES OR COMPOUNDS WITH FLUORINE.
4. HYDROGEN USUALLY HAS AN OXIDATION STATE OF + 1 WHEN BONDED TO NONMETALS.

5. THE SUM OF OXIDATION STATES IN A NEUTRAL COMPOUND IS ZERO; IN POLYATOMIC IONS, IT EQUALS THE ION CHARGE.

DETERMINING ELECTRON TRANSFER

AFTER ASSIGNING OXIDATION STATES, THE DIFFERENCE BETWEEN REACTANTS AND PRODUCTS INDICATES WHETHER ELECTRONS
ARE LOST OR GAINED. METALS TYPICALLY LOSE ELECTRONS AND INCREASE IN OXIDATION STATE, CONFIRMING OXIDATION.
NONMETALS GAIN ELECTRONS, DECREASING THEIR OXIDATION STATE, INDICATING REDUCTION. THIS IDENTIFICATION ALLOWS THE
SEPARATION OF THE OVERALL REACTION INTO ITS CONSTITUENT HALF REACTIONS.

STEP-BY-STEP GUIDE TO WRITING HALF REACTIONS

W/RITING THE HALF REACTIONS OF A METAL NONMETAL REACTION FOLLOWS A SYSTEMATIC APPROACH THAT ENSURES
ACCURACY AND PROPER BALANCE OF ATOMS AND CHARGES. THIS GUIDE OUTLINES THE ESSENTIAL STEPS:

STEP 1: WRITE THE UNBALANCED SKELETON REACTIONS

BEGIN BY WRITING THE CHEMICAL FORMULAS FOR THE METAL AND NONMETAL SPECIES INVOLVED, INDICATING THEIR INITIAL AND
FINAL FORMS. FOR EXAMPLE, IF SODIUM REACTS WITH CHLORINE, WRITE SODIUM (NA) AND CHLORIDE ION (CL_) AS PRODUCTS.

STeEP 2: AsSIGN OXIDATION STATES

DETERMINE THE OXIDATION STATES OF THE METAL AND NONMETAL IN BOTH REACTANTS AND PRODUCTS TO IDENTIFY WHICH IS
OXIDIZED AND WHICH IS REDUCED.

STeP 3: WRITE SEPARATE HALF REACTIONS

W/RITE ONE HALF REACTION FOR OXIDATION (METAL LOSING ELECTRONS) AND ONE FOR REDUCTION (NONMETAL GAINING
ELECTRONS). INCLUDE ELECTRONS EXPLICITLY TO BALANCE CHARGE.

STEP 4: BALANCE AToMS OTHER THAN OXYGEN AND HYDROGEN

ENSURE THAT ALL ATOMS EXCEPT FOR OXYGEN AND HYDROGEN ARE BALANCED ON BOTH SIDES OF EACH HALF REACTION.

Step 5: BALANCE OxYGEN AND HYDROGEN (IF APPLICABLE)

IN REACTIONS INVOLVING OXYGEN OR HYDROGEN (OFTEN IN AQUEOUS SOLUTIONS), BALANCE THESE ELEMENTS BY ADDING H,O,
H*, orR OH™ AS APPROPRIATE.



STeP 6: BALANCE CHARGE BY ADDING ELECTRONS

ADD ELECTRONS TO ONE SIDE OF EACH HALF REACTION TO BALANCE THE ELECTRIC CHARGE, ENSURING THAT ELECTRONS LOST IN
OXIDATION EQUAL ELECTRONS GAINED IN REDUCTION.

STeP 7: CoMBINE HALF REACTIONS

MULTIPLY THE HALF REACTIONS BY APPROPRIATE COEFFICIENTS TO EQUALIZE THE NUMBER OF ELECTRONS AND THEN ADD THEM
TOGETHER, CANCELING ELECTRONS AND ANY OTHER SPECIES THAT APPEAR ON BOTH SIDES TO YIELD THE OVERALL BALANCED
REACTION.

BALANCING HALF REACTIONS FOR METAL NONMETAL REACTIONS

BALANCING HALF REACTIONS REQUIRES CAREFUL ATTENTION TO BOTH MASS AND CHARGE CONSERVATION. THIS ENSURES THAT
THE CHEMICAL EQUATION ACCURATELY REPRESENTS THE PHYSICAL REACTION AND ELECTRON TRANSFER BETWEEN THE METAL AND
NONMETAL. THE BALANCING PROCESS DIFFERS SLIGHTLY DEPENDING ON WHETHER THE REACTION OCCURS IN ACIDIC OR BASIC
CONDITIONS BUT GENERALLY FOLLOWS THESE PRINCIPLES.

BALANCING IN ACIDIC SOLUTIONS

IN ACIDIC MEDIA, BALANCE OXYGEN ATOMS BY ADDING HQO MOLECULES AND BALANCE HYDROGEN ATOMS BY ADDING H* |ons.
AFTER ATOMS ARE BALANCED, ADJUST CHARGE BALANCE BY ADDING ELECTRONS TO THE APPROPRIATE SIDE OF THE EQUATION.

BALANCING IN BAsIC SoLUTIONS

IN BASIC MEDIA, AFTER BALANCING OXYGEN AND HYDROGEN WITH H,O AND H*, NEUTRALIZE HT 10NS BY ADDING OH™ IoNS TO
BOTH SIDES, WHICH FORM WATER MOLECULES. SIMPLIFY THE EQUATION BY CANCELING WATER MOLECULES AS NEEDED. T HEN
BALANCE THE CHARGE W/ITH ELECTRONS.

CoMMoN CONSIDERATIONS

e ALWAYS VERIFY THAT THE NUMBER OF ELECTRONS LOST IN OXIDATION EQUALS THE NUMBER OF ELECTRONS GAINED IN
REDUCTION.

® ENSURE THAT THE TOTAL ATOMS OF EACH ELEMENT ARE EQUAL ON BOTH SIDES.
o CHECK THAT THE NET CHARGE IS BALANCED AFTER COMBINING HALF REACTIONS.

® USE THE LOWEST WHOLE-NUMBER COEFFICIENTS FOR CLARITY AND SIMPLICITY.

ExAMPLES oF WRITING HALF REACTIONS IN METAL NONMETAL SYSTEMS

PRACTICAL EXAMPLES HELP ILLUSTRATE THE PROCESS OF WRITING HALF REACTIONS FOR METAL NONMETAL REACTIONS. BELOW
ARE DETAILED EXAMPLES DEMONSTRATING THE STEPS AND METHODS DESCRIBED.



ExAMPLE 1: SobiuM AND CHLORINE REACTION

THE REACTION BETWEEN SODIUM METAL AND CHLORINE GAS PRODUCES SODIUM CHLORIDE:
OVERALL ReACTION: 2 Na (s) + CL, () 2 NACL (s)

OXIDATION HALF REACTION:

Na (s) Bl Nat(aQ) +E™

REDUCTION HALF REACTION:

Clo(a)+2e [ 2C~ (AQ)

AFTER BALANCING ELECTRONS BY MULTIPLYING THE OXIDATION HALF REACTION BY 2, THE COMBINED REACTION MATCHES THE
OVERALL BALANCED EQUATION.

ExAMPLE 2: MAGNESIUM AND OXYGEN REACTION

MAGNESIUM REACTS WITH OXYGEN TO FORM MAGNESIUM OXIDE:
OVERALL REACTION: 2 MG (s) + O, (6) 2 MO (s)
OXIDATION HALF REACTION:

Mc (s) Pl Mac?t (AQ) + 2 €~

REDUCTION HALF REACTION:

O, (@) +4e f 207 (aQ)

MULTIPLYING THE OXIDATION HALF REACTION BY 2 BALANCES THE ELECTRON TRANSFER, AND COMBINING YIELDS THE OVERALL
BALANCED REACTION.

ExAMPLE 3: ALUMINUM AND SULFUR REACTION

ALUMINUM REACTS WITH SULFUR TO FORM ALUMINUM SULFIDE:
OVERALL REACTION: 2 AL(S) + 3 S (s)F] AL,S, (s)
OXIDATION HALF REACTION:

AL (s) ALt (AaQ) + 3 €

REDUCTION HALF REACTION:

S()+2e [ S* (AQ)

BALANCING ELECTRON TRANSFER REQUIRES MULTIPLYING THE OXIDATION HALF REACTION BY 2 AND THE REDUCTION HALF
REACTION BY 3, THEN COMBINING TO ENSURE ELECTRONS CANCEL PROPERLY.

FREQUENTLY AskeD QUESTIONS

\WHAT IS A HALF-REACTION IN A METAL AND NONMETAL REACTION?

A HALF-REACTION SHOWS EITHER THE OXIDATION OR REDUCTION PROCESS SEPARATELY, DETAILING THE ELECTRONS LOST OR
GAINED BY THE SPECIES INVOLVED IN A METAL AND NONMETAL REACTION.

How Do YOU WRITE THE OXIDATION HALF-REACTION FOR A METAL IN A METAL-
NONMETAL REACTION?

To WRITE THE OXIDATION HALF-REACTION, IDENTIFY THE METAL ATOM THAT LOSES ELECTRONS AND WRITE IT AS A PRODUCT



WITH ITS OXIDATION STATE INCREASED, EXPLICITLY SHOWING THE ELECTRONS LOST ON THE PRODUCT SIDE.

How DO YOU WRITE THE REDUCTION HALF-REACTION FOR A NONMETAL IN A METAL-
NONMETAL REACTION?

FOR THE REDUCTION HALF-REACTION, IDENTIFY THE NONMETAL ATOM THAT GAINS ELECTRONS AND WRITE IT AS A PRODUCT
WITH A LOWER OXIDATION STATE, SHOWING THE ELECTRONS GAINED ON THE REACTANT SIDE.

WHY IS IT IMPORTANT TO BALANCE ELECTRONS IN HALF-REACTIONS FOR METAL-
NONMETAL REACTIONS?

BALANCING ELECTRONS ENSURES THAT THE NUMBER OF ELECTRONS LOST IN OXIDATION EQUALS THE NUMBER GAINED IN
REDUCTION, PRESERVING CHARGE BALANCE AND ADHERING TO THE LAW OF CONSERVATION OF MASS.

CAN YOU GIVE AN EXAMPLE OF WRITING HALF-REACTIONS FOR THE REACTION BETWEEN
SODIUM AND CHLORINE?

YES. OXIDATION HALF-REACTION: NA NAT + 7. ReDUCTION HALF-REACTION: CL, + 26~ 2CL".

How DO YOU BALANCE OXYGEN AND HYDROGEN ATOMS IN HALF-REACTIONS INVOLVING
METAL-NONMETAL COMPOUNDS?

Y OU BALANCE OXYGEN ATOMS BY ADDING H20 MOLECULES AND HYDROGEN ATOMS BY ADDING H* 1oNS IN ACIDIC SOLUTIONS,
orR ADD OH™ IONS IN BASIC SOLUTIONS, TO BALANCE THE HALF-REACTIONS PROPERLY.

\WHAT ROLE DO HALF-REACTIONS PLAY IN UNDERSTANDING REDOX PROCESSES IN
METAL-NONMETAL REACTIONS?

HALF-REACTIONS HELP SEPARATE AND CLARIFY THE OXIDATION AND REDUCTION STEPS, MAKING IT EASIER TO ANALYZE ELECTRON
TRANSFER AND PREDICT REACTION PRODUCTS IN METAL-NONMETAL REDOX REACTIONS.

ARE HALF-REACTIONS USED ONLY FOR AQUEOUS SOLUTIONS IN METAL-NONMETAL
REACTIONS?

\W/HILE COMMONLY USED IN AQUEOUS SOLUTIONS, HALF-REACTIONS CAN ALSO BE WRITTEN FOR REACTIONS IN OTHER PHASES
AS LONG AS ELECTRON TRANSFER AND SPECIES CHANGES ARE CLEARLY REPRESENTED.

ADDITIONAL RESOURCES

1. UNDERSTANDING REDOX REACTIONS: A COMPREHENSIVE GUIDE TO HALF REACTIONS

THIS BOOK OFFERS A DETAILED INTRODUCTION TO REDOX CHEMISTRY, FOCUSING ON THE PRINCIPLES BEHIND OXIDATION AND
REDUCTION PROCESSES. |T EXPLAINS HOW TO WRITE AND BALANCE HALF REACTIONS IN VARIOUS CONTEXTS, INCLUDING METAL-
NONMETAL REACTIONS. THE CLEAR EXAMPLES AND PRACTICE PROBLEMS MAKE IT IDEAL FOR STUDENTS NEW TO THE TOPIC.

2. ELECTROCHEMISTRY FUNDAMENTALS: WRITING AND BALANCING HALF REACTIONS

DESIGNED FOR BOTH HIGH SCHOOL AND COLLEGE STUDENTS, THIS TEXT COVERS THE BASICS OF ELECTROCHEMISTRY WITH AN
EMPHASIS ON HALF REACTION METHODS. |T WALKS READERS THROUGH THE STEP-BY-STEP PROCESS OF IDENTIFYING OXIDIZING
AND REDUCING AGENTS IN METAL-NONMETAL REACTIONS, ENHANCING PROBLEM-SOLVING SKILLS.

3. MeTAL AND NONMETAL REACTIONS: HALF REACTION TECHNIQUES FOR CHEMISTS
THIS BOOK FOCUSES SPECIFICALLY ON REACTIONS BETWEEN METALS AND NONMETALS, PRESENTING METHODS TO WRITE
CORRESPONDING HALF REACTIONS. |T PROVIDES PRACTICAL EXAMPLES, DETAILED EXPLANATIONS, AND TIPS FOR BALANCING



ELECTRONS AND ATOMS IN COMPLEX REDOX PROCESSES.

4. Repox REACTION WoORKBOOK: PRACTICE WITH HALF REACTIONS IN INORGANIC CHEMISTRY

A HANDS-ON WORKBOOK FILLED WITH EXERCISES RELATED TO WRITING HALF REACTIONS, PARTICULARLY IN METAL-NONMET AL
SYSTEMS. |T GUIDES READERS THROUGH BALANCING REDOX EQUATIONS, IDENTIFYING OXIDATION STATES, AND UNDERSTANDING
ELECTRON TRANSFER, REINFORCING LEARNING THROUGH REPETITION.

5. CHemMICAL EQUATIONS AND HALF REACTIONS: FROM BASICS TO ADVANCED APPLICATIONS

THIS RESOURCE COVERS THE THEORY BEHIND CHEMICAL EQUATIONS AND THE ROLE OF HALF REACTIONS IN REDOX CHEMISTRY. IT
INCLUDES CHAPTERS DEDICATED TO METAL-NONMETAL REACTIONS, OFFERING BOTH CONCEPTUAL BACKGROUND AND PRACTICAL
BALANCING TECHNIQUES SUITABLE FOR ADVANCED LEARNERS.

6. INTRODUCTION TO REDOX CHEMISTRY: HALF REACTIONS IN METAL-NONMETAL SYSTEMS

OFFERING A CLEAR AND CONCISE OVERVIEW, THIS BOOK INTRODUCES READERS TO REDOX CONCEPTS WITH A FOCUS ON METAL
AND NONMETAL INTERACTIONS. |T EXPLAINS HOW TO WRITE HALF REACTIONS, BALANCE THEM IN ACIDIC AND BASIC CONDITIONS,
AND APPLY THESE SKILLS TO REAL CHEMICAL SYSTEMS.

7. BALANCING REDOX REACTIONS: A STEP-BY-STEP APPROACH TO HALF REACTIONS

THIS GUIDE BREAKS DOWN THE PROCESS OF BALANCING REDOX REACTIONS USING THE HALF REACTION METHOD, WITH NUMEROUS
EXAMPLES FROM METAL-NONMETAL CHEMISTRY. |T EMPHASIZES UNDERSTANDING ELECTRON TRANSFER AND PROVIDES STRATEGIES
TO SIMPLIFY COMPLEX REACTION BALANCING.

8. Repox CHEMISTRY IN PRACTICE: HALF REACTIONS AND METAL-NONMETAL INTERACTIONS

COMBINING THEORY AND LABORATORY APPLICATIONS, THIS BOOK EXPLORES HOW HALF REACTIONS DESCRIBE MET AL-NONMETAL
REDOX PROCESSES. |T INCLUDES EXPERIMENTAL DATA, PRACTICE PROBLEMS, AND EXPLANATIONS THAT BRIDGE CLASSROOM
KNOWLEDGE AND REAL-WORLD CHEMISTRY.

9. WrITING AND BALANCING HALF REACTIONS: A GUIDE FOR CHEMISTRY STUDENTS
TARGETED AT STUDENTS, THIS GUIDE FOCUSES ON THE FUNDAMENTALS OF WRITING AND BALANCING HALF REACTIONS,

ESPECIALLY IN METAL-NONMETAL REACTIONS. |T FEATURES CLEAR EXPLANATIONS, ILLUSTRATIVE EXAMPLES, AND TIPS TO
AVOID COMMON MISTAKES, MAKING IT A VALUABLE STUDY AID.
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