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THe FoLLowING Two HALF-REACTIONS T AKE PLACE IN A GALVANIC CELL. AT STANDARD ConDITIONS, WHAT SPECIES
UNDERSTANDING GALVANIC CELLS IS FUNDAMENTAL TO GRASPING THE PRINCIPLES OF ELECTROCHEMISTRY, WHICH PLAYS A VITAL
ROLE IN NUMEROUS APPLICATIONS RANGING FROM BATTERIES TO CORROSION PREVENTION. \W/HEN ANALYZING A GALVANIC CELL,
IT IS ESSENTIAL TO INTERPRET THE HALF-REACTIONS THAT OCCUR AT EACH ELECTRODE, ESPECIALLY UNDER STANDARD
CONDITIONS. THIS ARTICLE DELVES INTO THE SPECIFICS OF THE TWO HALF-REACTIONS THAT TAKE PLACE WITHIN A GALVANIC

CELL, EXPLORES HOW TO DETERMINE THE SPECIES INVOLVED AT STANDARD CONDITIONS, AND DISCUSSES THE BROADER
IMPLICATIONS OF THESE REACTIONS FOR ELECTROCHEMICAL PROCESSES.

INTRODUCTION TO GALVANIC CELLS AND HALF-REACTIONS

A GALVANIC CELL, ALSO KNOWN AS A VOLTAIC CELL, IS AN ELECTROCHEMICAL DEVICE THAT CONVERTS CHEMICAL ENERGY INTO
ELECTRICAL ENERGY THROUGH SPONTANEOUS REDOX REACTIONS. THESE CELLS TYPICALLY CONSIST OF TWO ELECTRODES
IMMERSED IN ELECTROLYTE SOLUTIONS, WITH EACH ELECTRODE INVOLVED IN OXIDATION OR REDUCTION PROCESSES.

KEY CONCEPTS:

- OXIDATION AND REDUCTION: THE CORE OF GALVANIC CELLS INVOLVES OXIDATION (LOSS OF ELECTRONS) AT ONE ELECTRODE
AND REDUCTION (GAIN OF ELECTRONS) AT THE OTHER.

- ELECTRODE POTENTIALS: EACH HALF-REACTION HAS AN ASSOCIATED STANDARD ELECTRODE POTENTIAL, WHICH INDICATES ITS
TENDENCY TO GAIN OR LOSE ELECTRONS.

- STANDARD CONDITIONS: THESE ARE DEFINED AS 1 M CONCENTRATION FOR AQUEOUS SOLUTIONS, 1 ATM PRESSURE FOR
GASES, PURE SOLIDS OR LIQUIDS, AND A TEMPERATURE OF 25°C (298 K).

UNDERSTANDING HOW THESE REACTIONS OCCUR UNDER STANDARD CONDITIONS ALLOWS SCIENTISTS AND ENGINEERS TO PREDICT
CELL VOLTAGES, DETERMINE REACTION SPONTANEITY, AND DESIGN EFFECTIVE ELECTROCHEMICAL SYSTEMS.

FUNDAMENTALS ofF HALF-ReacTIoNs IN GALVANIC CELLS

HALF-REACTIONS ARE SIMPLIFIED REPRESENTATIONS OF THE OXIDATION OR REDUCTION PROCESSES OCCURRING AT EACH
ELECTRODE. THEY ARE WRITTEN WITH ELECTRONS EXPLICITLY SHOWN TO TRACK THE FLOW OF CHARGE.

GGENERAL FORM:

- OxipATION (ANoDE): \( \TexT{Species} \TexT{oxipizen} \riIGHTARROW \TEXT{SPeCIES} \TEXT{REDUCED]} + NE"-\)
- RepucTion (caTHODE): \( \TexT{Species} \TexT{repuceD} + Ne”- \RIGHTARROW \TEXT{SPECIES] \TEXT{OXIDIZED} \)

EXAMPLE:
FOR A ZINC-COPPER GALVANIC CELL, THE HALF-REACTIONS ARE:

- OxiDATION AT zINC ELECTRODE: \( \TEXT{ZN} (5) \riGHTARROW \TEXT{ZN}"{2+} (AQ) + 2€"-\)
- RepucTion AT copper ELECTRODE: \( \TEXT{CU}"{2+} (AQ) + 2"- \riGHTARROW \TEXT{CU} (s) \)

THE OVERALL CELL REACTION COMBINES THESE TWO HALF-REACTIONS.
STANDARD ELECTRODE POTENTIALS:

EACH HALF-REACTION HAS A STANDARD REDUCTION POTENTIAL (\( E*\cIRC \)), MEASURED RELATIVE TO THE STANDARD



HYDROGEN ELECTRODE (SHE), WHICH Is ASSIGNED A POTENTIAL OF 0.00 V. THE DIFFERENCE IN ELECTRODE POTENTIALS
DETERMINES THE CELL VOLTAGE.

DeTERMINING SPECIES IN A GALVANIC CELL AT STANDARD CONDITIONS

GIVEN TWO HALF-REACTIONS, IDENTIFYING THE SPECIES INVOLVED AT STANDARD CONDITIONS INVOLVES ANALYZING THEIR
STANDARD REDUCTION POTENTIALS AND PREDICTING THE DIRECTION OF ELECTRON FLOW.

STEP-BY-STEP PROCESS:
1. IDENTIFY THE HALF-REACTIONS AND THEIR STANDARD POTENTIALS:
LIST THE TwO HALF-REACTIONS WITH THEIR \( E*\cIrc \) VALUES. FOR EXAMPLE:

- \(\texT{ReacTion A}: \TexT{X3"{N+} + NE"- \RIGHTARROW \TEXT{X} \QuUAD E™\cIrc_A \)
- \(\text{ReacTion B}: \TexT{Y}*{M+} + Me"- \riGHTARROW \TEXT{Y} \QUAD E"\cIrc_B \)

2. DETERMINE WHICH SPECIES UNDERGOES OXIDATION AND WHICH UNDERGOES REDUCTION:

- THE HALF-REACTION WITH THE HIGHER (MORE POSITIVE) REDUCTION POTENTIAL WILL ACT AS THE CATHODE (REDUCTION).
- THE OTHER WILL ACT AS THE ANODE (OXIDATION), WITH THE REVERSE REACTION CONSIDERED FOR OXIDATION.

3. WRITE THE OXIDATION AND REDUCTION HALF-REACTIONS:

- OXIDATION: REVERSE THE REDUCTION REACTION OF THE SPECIES WITH THE Lower \( EM\circ ).
- REDUCTION: KEEP THE HALF-REACTION WITH THE HIGHER \( E™\circ \).

4. CALCULATE THE STANDARD CELL POTENTIAL (\( E™\circ_{ceLL} \)):

\[
E™M\circ_{ceLL} = E™M\cire_{caTHoDE} - E™\cIrc_{ANODE}
\]

5. PREDICT THE SPECIES AT STANDARD CONDITIONS:

- THE SPECIES PRESENT AT THE ELECTRODES ARE THE IONS OR ELEMENTS INVOLVED IN THE RESPECTIVE HALF-REACTIONS.
- THE CONCENTRATIONS ARE ASSUMED TO BE 1 M FOR AQUEOUS IONS, AND GASES AT 1 ATM, UNLESS OTHERWISE SPECIFIED.

EXAMPLE:
SUPPOSE THE TWO HALF-REACTIONS ARE:

-\C\rexT{Fe}*{3+} + 3e"- \riGHTARROW \TEXT{FE} \QUAD E™\CIrC = +0.77\,V \)
-\(\71ext{Ac}"*+ + "~ \riIGHTARROW \TEXT{AG} \QuaD E™\cIrc = +0.80\,V \)

Since \( EM\cire_{\TexT{Ac}"+ / \TexT{AG}} \) IS HIGHER, SILVER ION REDUCTION OCCURS AT THE CATHODE, AND IRON IS
OXIDIZED AT THE ANODE. THE OVERALL CELL REACTION INVOLVES THESE SPECIES UNDER STANDARD CONDITIONS.

ANALYZING THE TWwo HALF-ReEACTIONS IN THE CONTEXT OF THE CELL

THE SPECIFIC HALF-REACTIONS DEPEND ON THE MATERIALS INVOLVED. FOR THIS REASON, UNDERSTANDING THE RELATIVE
STANDARD POTENTIALS ALLOWS PREDICTING WHICH SPECIES WILL BE REDUCED OR OXIDIZED.

CoMMON HALF-REACTIONS AND THEIR STANDARD POTENTIALS:



| ReacTion | STaNDARD RebucTion PoTenTiaL \( E™\circ \) | SPecies INvoLVeED |
|---mmmmeee |[-mm oo i |
I\C\mexT{Cul*{2+} + 2e™- \ricHTARROW \TEXT{CU} \) | +0.34 V | \( \texT{Cu}*{2+} \), \( \texT{Cu} \) |
INC\TexT{Zn}"{2+]} + 26"~ \ricHTARROW \TEXT{ZN} \) | -0.76 V | \( \TexT{Zn}"{2+} \), \( \TexT{Zn} \) |
INC\texT{CL} 2 + 26" \ricHTARROW 2\TEXT{CL}"- \) | +1.36 V [ \( \texT{CL} 2 \), \( \texT{CL}"- \) |
INC\TexT{H}"+ + "~ \ricHTARROW \FRAC{ 1}{2}\TexT{H} 2 \)[0.00 V | \( \mexT{H}"+ \), \( \TexT{H} 2 \)|
USING THESE, YOU CAN DETERMINE WHICH REACTIONS ARE FAVORED AT STANDARD CONDITIONS.

FOR EXAMPLE:

- ZINC WILL TEND TO OXIDIZE (LOSE ELECTRONS), AND COPPER IONS WILL TEND TO REDUCE (GAIN ELECTRONS) BECAUSE \(
EM\cire_ {\TexT{Cul*{2+3/\texT{CuU}} \) is HiGHER THAN \( EM\circ_ {\TeXT{ZN}"{2+3/\TexT{Zn}} \).

OVERALL PROCESS:

1. WRITE THE REDUCTION HALF-REACTIONS.

2. ReVERSE THE oNE WITH THE Lower \( E*\cIrc \) FOR OXIDATION.

3. SUM THE REACTIONS TO GET THE OVERALL CELL REACTION.

4. DETERMINE THE SPECIES PRESENT AT EACH ELECTRODE: THE SOLID METAL AND THE AQUEOUS IONS.

IMPLICATIONS OF STANDARD CONDITIONS IN ELECTROCHEMISTRY

STANDARD CONDITIONS ARE CRITICAL FOR REPRODUCIBILITY AND COMPARISON ACROSS DIFFERENT SYSTEMS. THEY ALLOW FOR
THE STANDARD ELECTRODE POTENTIALS TO BE TABULATED AND USED UNIVERSALLY.

SIGNIFICANCE OF STANDARD CONDITIONS:

- PREDICTING SPONTANEITY: THE SIGN AND MAGNITUDE OF \( E*\cIrRc_{ceLL} \) INDICATE WHETHER THE REACTION PROCEEDS
SPONTANEOUSLY.

- CALCULATING CELL POTENTIAL: USING STANDARD POTENTIALS, THE VOLTAGE OF THE GALVANIC CELL CAN BE PRECISELY
CALCULATED.

- DESIGNING BATTERIES: KNOWLEDGE OF HALF-REACTIONS GUIDES THE SELECTION OF MATERIALS FOR BATTERIES AND FUEL CELLS.
- CORROSION STUDIES: UNDERSTANDING WHICH SPECIES ARE INVOLVED HELPS IN DEVELOPING CORROSION PREVENTION
STRATEGIES.

NoTE: DEVIATIONS FROM STANDARD CONDITIONS (CONCENTRATIONS, TEMPERATURE, PRESSURE) CAN INFLUENCE THE ACTUAL
CELL POTENTIAL, DESCRIBED BY THE NERNST EQUATION.

CoNCLUSION

UNDERSTANDING THE TWO HALF-REACTIONS WITHIN A GALVANIC CELL UNDER STANDARD CONDITIONS INVOLVES ANALYZING
THEIR STANDARD REDUCTION POTENTIALS AND PREDICTING WHICH SPECIES ARE INVOLVED AT EACH ELECTRODE. THE PROCESS
INCLUDES IDENTIFYING THE HALF-REACTIONS, DETERMINING THEIR DIRECTION BASED ON THEIR POTENTIALS, AND CALCULATING THE
OVERALL CELL POTENTIAL TO ASSESS THE CELL'S SPONTANEITY. RECOGNIZING THE SPECIES INVOLVED—WHETHER IONS IN
SOLUTION OR SOLID METALS—IS ESSENTIAL FOR APPLICATIONS IN ENERGY STORAGE, ELECTROLYSIS, CORROSION PROTECTION,
AND ANALYTICAL CHEMISTRY.

BY MASTERING THESE CONCEPTS, SCIENTISTS AND ENGINEERS CAN DESIGN MORE EFFICIENT BATTERIES, DEVELOP BETTER
CORROSION-RESISTANT MATERIALS, AND INNOVATE IN THE FIELD OF RENEW ABLE ENERGY STORAGE. THE KEY TAKEAWAY IS THAT
THE STANDARD CONDITIONS PROVIDE A BASELINE FRAMEWORK TO UNDERSTAND AND PREDICT ELECTROCHEMICAL BEHAVIOR
ACCURATELY, WHICH IS FUNDAMENTAL TO ADVANCING TECHNOLOGIES RELIANT ON ELECTROCHEMICAL PROCESSES.



FREQUENTLY AskeD QUESTIONS

\WHAT ARE THE STANDARD ELECTRODE POTENTIALS FOR THE TWO HALF-REACTIONS
INVOLVED IN THIS GALVANIC CELL?

THE STANDARD ELECTRODE POTENTIALS DEPEND ON THE SPECIFIC HALF-REACTIONS PROVIDED. T O DETERMINE THE SPECIES, YOU
NEED TO LOOK UP THE STANDARD REDUCTION POTENTIALS (Eo) FOR EACH HALF-REACTION AND IDENTIFY WHICH SPECIES ARE
BEING OXIDIZED AND REDUCED UNDER STANDARD CONDITIONS.

How CAN WE DETERMINE THE OVERALL CELL POTENTIAL (E°CELL) FROM THE GIVEN
HALF-REACTIONS?

YOU CALCULATE E°CELL BY SUBTRACTING THE STANDARD REDUCTION POTENTIAL OF THE ANODE FROM THAT OF THE CATHODE:
E°ceLL = E°CATHODE — E°ANODE. THIS HELPS IDENTIFY THE SPONTANEOUS DIRECTION OF THE REACTION AND THE SPECIES
INVOLVED AT EQUILIBRIUM.

\WHAT SPECIES ARE PRESENT AT THE CATHODE AND ANODE DURING THE OPERATION OF
THIS GALVANIC CELL?

AT THE CATHODE, THE SPECIES THAT UNDERGO REDUCTION (GAIN ELECTRONS) ARE PRESENT, SUCH AS METAL CATIONS GAINING
ELECTRONS. AT THE ANODE, THE SPECIES THAT ARE OXIDIZED (LOSE ELECTRONS) ARE PRESENT, SUCH AS METAL ATOMS OR
ANIONS LOSING ELECTRONS, DEPENDING ON THE SPECIFIC HALF-REACTIONS.

UNDER STANDARD CONDITIONS , HOW DO THE CONCENTRATIONS OF THE SPECIES
INFLUENCE THE CELL POTENTIAL IN THIS GALVANIC CELL?

AT STANDARD CONDITIONS, THE CONCENTRATIONS OF ALL SPECIES ARE 1 M. ANY DEVIATIONS FROM THESE CONDITIONS CAN
ALTER THE CELL POTENTIAL, AS DESCRIBED BY THE NERNST EQUATION, WHICH ACCOUNTS FOR CONCENTRATION EFFECTS ON THE
ELECTRODE POTENTIALS.

GIVEN THE TWO HALF-REACTIONS , HOW DO YOU IDENTIFY WHICH SPECIES WILL BE
PRODUCED OR CONSUMED AT EACH ELECTRODE IN THE GALVANIC CELL?

THE SPECIES THAT ARE REDUCED AT THE CATHODE ARE THOSE WITH HIGHER REDUCTION POTENTIALS, WHILE THOSE OXIDIZED AT
THE ANODE ARE ASSOCIATED WITH LOWER OXIDATION POTENTIALS. BY ANALYZING THE STANDARD POTENTIALS AND THE
DIRECTION OF ELECTRON FLOW, YOU CAN DETERMINE WHICH SPECIES ARE INVOLVED AT EACH ELECTRODE.

ADDITIONAL RESOURCES

THe FoLLowING Two HALF-REACTIONS TAKE PLACE IN A GALVANIC CELL. AT STANDARD CONDITIONS, WHAT SPECIES
UNDERGO REDUCTION AND OXIDATION PROCESSES THAT GENERATE ELECTRICAL ENERGY FROM CHEMICAL REACTIONS.
UNDERSTANDING THIS SCENARIO INVOLVES DELVING INTO THE SPECIFICS OF GALVANIC CELLS, STANDARD REDUCTION
POTENTIALS, AND HOW TO DETERMINE WHICH SPECIES UNDERGO REDUCTION OR OXIDATION UNDER STANDARD CONDITIONS. THIS
COMPREHENSIVE GUIDE AIMS TO CLARIFY THESE CONCEPTS, WALK THROUGH THE STEPS OF ANALYZING SUCH REACTIONS, AND
PROVIDE PRACTICAL INSIGHTS INTO PREDICTING THE BEHAVIOR OF SPECIES IN GALVANIC CELLS.



INTRODUCTION TO GALVANIC CELLS AND HALF-REACTIONS

A GALVANIC CELL, ALSO KNOWN AS A VOLTAIC CELL, IS A DEVICE THAT CONVERTS CHEMICAL ENERGY INTO ELECTRICAL ENERGY
THROUGH SPONTANEOUS REDOX REACTIONS. THE FUNDAMENTAL OPERATION INVOLVES TWO HALF-REACTIONS—ONE REDUCTION
AND ONE OXIDATION—™THAT OCCUR SEPARATELY BUT ARE LINKED VIA AN EXTERNAL CIRCUIT, ALLOWING ELECTRONS TO FLOW
FROM ONE ELECTRODE TO THE OTHER.

KEY CONCEPTS INCLUDE:

- HALF-REACTIONS: REPRESENT THE REDUCTION OR OXIDATION PROCESSES OCCURRING AT EACH ELECTRODE.

- STANDARD CONDITIONS: USUALLY INVOLVE SOLUTIONS AT 1 M CONCENTRATION, GASES AT 1 ATM PRESSURE, AND
TEMPERATURE AT 25°C (298 K).

- STANDARD REDUCTION POTENTIALS (E®): A MEASURE OF A SPECIES’ TENDENCY TO GAIN ELECTRONS (BE REDUCED) UNDER
STANDARD CONDITIONS.

UNDERSTANDING THE HALF-REACTIONS

\WHEN ANALYZING A GALVANIC CELL, THE FIRST STEP IS TO IDENTIFY THE HALF-REACTIONS INVOLVED. EACH HALF-REACTION
INDICATES A SPECIES GAINING ELECTRONS (REDUCTION) OR LOSING ELECTRONS (OXIDATION).

SUPPOSE YOU ARE PROVIDED WITH TWO HALF-REACTIONS, FOR EXAMPLE:

1. ReacTION A:

\[

\MATHRM{MNO_4"-} + 8\ \MATHRM{H"+} + 5\ \MATHRM{E"-} \RIGHTARROW \MATHRM{MN"{2+]}} +
4\ \maTHRM{H_20}

\]

2. ReacTION B:

\l

\MATHRM{FEN{2+1}} \rIGHTARROW \MATHRM{FE"{3+}} + \MATHRM{E"-}

\]

IN THIS CASE, THE SPECIES INVOLVED ARE PERMANGANATE IoNS (\(\AMATHRM{MNO_4"-}\)), HYDROGEN IONS
A\(MATHRM{H"+3\)), MANGANESE 1oNS (\(\MATHRM{MN"{2+}}\)), FerroUS 10Ns (\(\MATHRM{FE"{2+]}}\)), AND FERRIC

1ons (\(\MATHRM{FEN{3+33\)).

DeTERMINING WHICH SPeECIES ARE REDUCED OrR OXIDIZED

AT STANDARD CONDITIONS, THE DIRECTION OF THE REACTION (\X/HICH SPECIES IS REDUCED AND WHICH IS OXIDIZED) IS DICTATED
BY THEIR STANDARD REDUCTION POTENTIALS. THE SPECIES WITH THE HIGHER (MORE POSITIVE) REDUCTION POTENTIAL WILL TEND
TO UNDERGO REDUCTION, WHILE THE OTHER WILL BE OXIDIZED.

STEPS TO DETERMINE SPECIES BEHAVIOR:

1. LIST ALL HALF-REACTIONS WITH THEIR STANDARD REDUCTION POTENTIALS (EO).
USE A STANDARD REDUCTION POTENTIAL TABLE TO FIND E® VALUES FOR EACH SPECIES.

2. IDENTIFY THE HALF-REACTION WITH THE HIGHEST E° VALUE.



THIS SPECIES IS MOST LIKELY TO BE REDUCED.

3. COMPARE THE TWO HALF-REACTIONS TO DETERMINE WHICH IS OXIDATION AND WHICH IS REDUCTION.
THE HALF-REACTION WITH THE LOWER E® WILL TYPICALLY UNDERGO OXIDATION WHEN COMBINED WITH THE MORE POSITIVE ONE.

4. REVERSE THE HALF-REACTION THAT IS TO BE OXIDIZED.

REMEMBER, REVERSING A HALF-REACTION CHANGES THE SIGN OF E°, BUT FOR CALCULATING CELL POTENTIAL, YOU ONLY NEED THE
REDUCTION POTENTIALS OF THE REACTIONS AS WRITTEN.

CALCULATING STANDARD CeLL PoTenTiaL (E°_, )

THE OVERALL CELL POTENTIAL IS OBTAINED BY:

\l

E™\circ_{ceLL} = EM\cre_{cAaTHoDE} - E™\cIrc_{ANODE}

\]
\W/ HERE:

- CATHODE: SITE OF REDUCTION (SPECIES WITH HIGHER Eo)
- ANODE: SITE OF OXIDATION (SPECIES WITH LOWER E°>

ExAmPLE:

SUPPOSE FROM THE STANDARD REDUCTION POTENTIAL TABLE:

| HALF-ReacTion | E® (V) |

- R

I \(\AMATHRM{MNO_4"-} + 8\ \MATHRM{H"+} + 5\ \MATHRM{E"-} \RIGHTARROW \MATHRM{MN"{2+}} +
4\ \MATHRM{H_203}\) | +1.51 |

| \(\MATHRM{FE"{3+1}} + £~ \RIGHTARROW \MATHRM{FE"{2+}}\) | +0.77 |

HERE, PERMANGANATE REDUCTION HAS A HIGHER E°, SO:

- CATHODE: PERMANGANATE REDUCTION (E® = +1.57 V)

- ANODE: FERROUS OXIDATION (REVERSE OF FE3+/FE2t), WHICH HAS E® = +0.77 V FOR REDUCTION, SO OXIDATION
poTENTIAL Is \(-0.77\) V.

CALCULATING CELL POTENTIAL:

\[
EMcre_{cert} = 1.51\,V -0.77\,V = +0.74\,V
\]

SINCE THE VALUE IS POSITIVE, THE REACTION IS SPONTANEOUS UNDER STANDARD CONDITIONS.

PREDICTING SPECIES BEHAVIOR AT STANDARD CONDITIONS

AT STANDARD ConDITIONS (1 M soLuTions, 1 ATM Gases, 25°C):



- THE SPECIES WITH THE HIGHEST REDUCTION POTENTIAL WILL TEND TO BE REDUCED.
- THE OTHER SPECIES WILL BE OXIDIZED.
- THE OVERALL REACTION WILL PROCEED SPONTANEOUSLY IF \(E"\cIrc_{ceLL}\) IS POSITIVE.

IN OUR EXAMPLE:

- \(\MATHRM{MNO _4"-}\) 1ons wiLL Be rRebUCED To \(\MATHRM{MN"{2+13}\).
- \O\MATHRM{FEM{2+33\) 1ons wiLL Be oxipized To \(AMATHRM{FE"{3+}3\).

THUS, THE SPECIES UNDERGOING REDUCTION IS \(\MATHRM{MNO_4"-}\), AND THE SPECIES UNDERGOING OXIDATION IS

\(\maTHRM{FEN{ 2+331).

IMPLICATIONS AND APPLICATIONS

(UNDERSTANDING WHICH SPECIES ARE REDUCED OR OXIDIZED AT STANDARD CONDITIONS IS FUNDAMENTAL IN DESIGNING BATTERIES,
ELECTROLYSIS PROCESSES, AND CORROSION PREVENTION STRATEGIES. For EXAMPLE:

- BATTERIES: SELECTING ELECTRODE MATERIALS WITH SUITABLE REDUCTION POTENTIALS TO MAXIMIZE VOLTAGE.
- ELECTROLYSIS: APPLYING EXTERNAL VOLTAGE TO DRIVE NON-SPONTANEOUS REACTIONS.
- CORROSION: RECOGNIZING WHICH METAL SPECIES ARE PRONE TO OXIDATION UNDER STANDARD CONDITIONS.

SUMMARY OF KEY STEPS FOR ANALYZING GALVANIC CELLS

TO DETERMINE THE SPECIES INVOLVED AT STANDARD CONDITIONS:

1. IDENTIFY THE HALF-REACTIONS INVOLVED.

2. FIND THEIR STANDARD REDUCTION POTENTIALS FROM TABLES.

3. DECIDE WHICH REACTION OCCURS AT THE CATHODE (HIGHER E°) AND WHICH AT THE ANODE.

4. CALCULATE THE STANDARD CELL POTENTIAL \(E™\clrc_{ceLL}\).

5. DETERMINE THE DIRECTION OF ELECTRON FLOW AND THE SPECIES INVOLVED IN REDUCTION AND OXIDATION.

CONCLUSION

THe FoLLowING Two HALF-REACTIONS T AKE PLACE IN A GALVANIC CELL. AT STANDARD CONDITIONS, WHAT SPECIES
UNDERGO REDUCTION AND OXIDATION DEPEND PRIMARILY ON THEIR STANDARD REDUCTION POTENTIALS. BY SYSTEMATICALLY
ANALYZING THE HALF-REACTIONS, COMPARING THEIR E® VALUES, AND CALCULATING THE OVERALL CELL POTENTIAL, YOU CAN
PREDICT THE SPONTANEOUS DIRECTION OF THE REACTION AND IDENTIFY WHICH SPECIES ARE REDUCED OR OXIDIZED.

MASTERING THIS APPROACH EMPOWERS CHEMISTS AND ENGINEERS TO DESIGN EFFECTIVE ELECTROCHEMICAL SYSTEMS,
UNDERSTAND CORROSION PROCESSES, AND DEVELOP NEW ENERGY STORAGE TECHNOLOGIES. THE KEY IS A THOROUGH GRASP OF
STANDARD POTENTIALS, BALANCED HALF-REACTIONS, AND THE PRINCIPLES GOVERNING REDOX CHEMISTRY.

REMEMBER: ALWAYS CONSULT A STANDARD REDUCTION POTENTIAL TABLE WHEN ANALYZING GALVANIC CELLS, AND ENSURE
YOUR REACTIONS ARE BALANCED FOR MASS AND CHARGE TO GET ACCURATE PREDICTIONS OF SPECIES BEHAVIOR UNDER



STANDARD CONDITIONS.
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