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(UNDERST ANDING CHEMICAL REACTIONS AND THE COLOR CHANGES THEY PRODUCE IS FUNDAMENTAL IN THE STUDY OF CHEMISTRY.
AMONG VARIOUS REACTIONS, SOME ARE NOTABLE FOR GENERATING VIVIDLY COLORED SUBSTANCES, WHICH SERVE AS VISUAL
INDICATORS OF CHEMICAL PROCESSES. THIS ARTICLE EXPLORES THE QUESTION: W/HICH REACTION PRODUCES A COLOURED
SUBSTANCE? FOCUSING ON THE COMPARISON BETWEEN THE REACTION OF SODIUM METAL WITH WATER AND OTHER REACTIONS
THAT RESULT IN COLORFUL COMPOUNDS.

INTRODUCTION TO CHEMICAL ReacTIiONs AND CoLor CHANGES

IN CHEMISTRY, REACTIONS OFTEN INVOLVE THE TRANSFORMATION OF SUBSTANCES, SOMETIMES ACCOMPANIED BY PHYSICAL
CHANGES LIKE COLOR CHANGE, TEMPERATURE CHANGE, OR GAS EVOLUTION. COLOR CHANGES ARE PARTICULARLY SIGNIFICANT
BECAUSE THEY PROVIDE VISUAL CLUES ABOUT THE REACTION TAKING PLACE, THE FORMATION OF NEW COMPOUNDS, OR THE
CHANGE IN OXIDATION STATES OF ELEMENTS.

SOME REACTIONS PRODUCE DISTINCT COLORS DUE TO THE FORMATION OF COMPOUNDS WITH SPECIFIC ELECTRONIC

CONFIGURATIONS THAT ABSORB CERTAIN WAVELENGTHS OF LIGHT. FOR EXAMPLE, TRANSITION METAL COMPOUNDS FREQUENTLY
DISPLAY VIVID COLORS OWING TO D-D ELECTRON TRANSITIONS, MAKING THEM EASILY RECOGNIZABLE.

ReEACTIONS THAT ProbuUceE COLORED SUBSTANCES

MANY CHEMICAL REACTIONS LEAD TO THE FORMATION OF COLORED SUBSTANCES. THESE INCLUDE:

1. TRANSITION METAL CoMPLEX FORMATION

TRANSITION METALS LIKE COPPER, CHROMIUM, NICKEL, AND MANGANESE FORM COMPLEX IONS THAT ARE OFTEN BRIGHTLY
COLORED. FOR EXAMPLE:

- Copper(ll) suLraTe (CUSO,) IS BLUE.
- PoTAsSIUM DICHROMATE (K,CR,O,) IS ORANGE.
- MANGANESE COMPOUNDS CAN BE PURPLE OR PINK.

\WHY DO THESE COMPOUNDS HAVE COLOR?
THE D-ELECTRONS IN TRANSITION METALS ABSORB PARTICULAR WAVELENGTHS OF LIGHT WHEN THEY TRANSITION BETWEEN
ENERGY LEVELS, RESULTING IN VISIBLE COLORS.



2. OXIDATION-REDUCTION REACTIONS

MANY REDOX REACTIONS INVOLVE CHANGES IN OXIDATION STATES THAT PRODUCE COLORED IONS. FOR EXAMPLE:
- THE OXIDATION OF IODIDE IONS TO IODINE PRODUCES A BROWNISH SOLUTION.

- THE PERMANGANATE 10N (MNO, ™) IS DEEP PURPLE, USED AS AN OXIDIZING AGENT.
- CHrRoMIUM(VI) coMPOUNDS LIKE CHROMATE (CRO,4%7) ARE YELLOW, WHILE DICHROMATE (CR,O,27) IS ORANGE.

3. PRECIPITATION REACTIONS

SOME REACTIONS FORM INSOLUBLE COLORED PRECIPITATES, SUCH AS:
- IRoN(III) HYDROXIDE, WHICH APPEARS BROWN.

- Copper(Il) HYDROXIDE, WHICH IS BLUE.
- SILVER CHLORIDE, WHICH IS WHITE BUT CAN TURN GRAY WITH LIGHT EXPOSURE.

4. OrGANIC REACTIONS ProDUCING CoLoreD COMPOUNDS

CERTAIN ORGANIC REACTIONS PRODUCE DYES OR PIGMENTS:
- THE SYNTHESIS OF AZO DYES, WHICH ARE BRIGHTLY COLORED.

- THE FORMATION OF INDIGO DYE FROM PRECURSORS.
- THE DEVELOPMENT OF PHENOLPHTHALEIN INDICATOR IN ALKALINE SOLUTIONS, WHICH TURNS PINK.

THE SPeCIFIC REACTION: SobIUM METAL WITH WATER

NO\X/, FOCUSING ON THE REACTION IN QUESTION: THE ADDITION OF SODIUM METAL TO WATER.

ReacTioN OVERVIEW

\W/HeN sopluM METAL (NA) 1s ADDED TO WATER (H,O), THE FOLLOWING REACTION OCCURS:
\[ 2Na (s) + 2H_20 (L) \riGHTARROW 2NAOH (AQ) + H_2 (6) \]

THIS REACTION IS HIGHLY VIGOROUS AND EXOTHERMIC, PRODUCING SODIUM HYDROXIDE AND HYDROGEN GAS.

CoLOR OF THE SUBSTANCES INVOLVED

- SODIUM METAL: SILVERY, SHINY SOLID.

- W ATER: COLORLESS LIQUID.

- SobluM HYDROXIDE (NAOH): A COLORLESS, TRANSPARENT AQUEOUS SOLUTION.
- HYprOGEN GAS (H,): COLORLESS, ODORLESS GAS.

Key PoINT:
THIS REACTION DOES NOT PRODUCE A COLORED SUBSTANCE. T HE PRODUCTS ARE EITHER COLORLESS OR TRANSPARENT
SOLUTIONS AND GASES.



WHY Does THE REACTION oF SobiuM WITH W ATER NOoT PRODUCE A
COLOURED SUBSTANCE?

THE REACTION BETWEEN SODIUM AND WATER RESULTS IN THE FORMATION OF SODIUM HYDROXIDE AND HYDROGEN GAS, BOTH OF
WHICH ARE COLORLESS:

- SODIUM HYDROXIDE IS A CLEAR, COLORLESS SOLUTION.
- HYDROGEN GAS HAS NO COLOR OR SMELL.

MOREOVER, THE REACTION DOES NOT INVOLVE THE FORMATION OF ANY COLORED IONS OR COMPOUNDS. |T PRIMARILY INVOLVES
THE DISPLACEMENT OF HYDROGEN FROM WATER, WITH SODIUM ACTING AS A REACTIVE METAL.

IN CONTRAST, REACTIONS INVOLVING TRANSITION METALS OR ORGANIC DYES PRODUCE VISIBLY COLORED SUBSTANCES. For
EXAMPLE:

- COPPER SULFATE SOLUTION IS BLUE DUE To CuU?* Ions.
- POTASSIUM DICHROMATE IS ORANGE OWING TO CR,O,2 IONS.
- ORGANIC DYES LIKE AZO DYES ARE VIVIDLY COLORED DUE TO THEIR MOLECULAR STRUCTURE.

CoMPARISON WITH OTHER REACTIONS THAT Probuce COLOURED
SUBSTANCES

T O UNDERSTAND BETTER, LET'S COMPARE THE SODIUM-WATER REACTION WITH REACTIONS THAT DO PRODUCE COLORED
SUBSTANCES.

1. FORMATION OF COPPER SULFATE

\W/HEN COPPER METAL REACTS WITH SULFURIC ACID, IT PRODUCES COPPER SULFATE, WHICH IS BLUE:
\[ Cu(s) + 2H_2S0 4 (AQ) \ricHTARROW CUSO 4 (AQ) + SO _2 (6) + 2H 20\]

THE COPPER SULFATE SOLUTION IS VIVIDLY BLUE BECAUSE oF THE Cu?t |oNs.

2. PoTAssiuM DICHROMATE IN ACIDIC SOLUTION

PoTAssIuM DICHROMATE (K,CR,O,) IN ACID SOLUTION APPEARS ORANGE, DUE TO THE DICHROMATE IONS:
\[K_2Cr_20_7 + 14HCL \riGHTARROW 2CRCL_3 + 2KCL + 3CL_2 + 7H_20'\]

THE CR IN THE +6 OXIDATION STATE FORMS DICHROMATE IONS, WHICH ARE ORANGE.



3. ORGANIC DYE SYNTHESIS

THE SYNTHESIS OF AZO DYES INVOLVES DIAZOTIZATION AND COUPLING REACTIONS, RESULTING IN HIGHLY COLORED COMPOUNDS
LIKE RED, YELLOW, OR BLUE DYES.

SUMMARY: WHICH ReEACTION ProbUCES A COLOURED SUBSTANCE?

BASED ON THE ABOVE DISCUSSION, THE KEY POINTS ARE:

- THE REACTION OF SODIUM METAL WITH WATER PRODUCES COLORLESS SODIUM HYDROXIDE AND HYDROGEN GAS; NO COLORED
SUBSTANCES ARE FORMED.

- REACTIONS INVOLVING TRANSITION METALS, THEIR SALTS, OR ORGANIC DYES OFTEN PRODUCE VIVID COLORS DUE TO
ELECTRONIC TRANSITIONS OR MOLECULAR STRUCTURES.

- THEREFORE/ THE REACTION THAT PRODUCES A COLORED SUBSTANCE IS NOT THE SODIUM~WATER REACTION.

CoNcLUSION

ANSWER:

THE REACTION THAT PRODUCES A COLORED SUBSTANCE IS NOT THE ADDITION OF SODIUM METAL TO WATER. INSTEAD,
REACTIONS INVOLVING TRANSITION METAL COMPOUNDS, SUCH AS THE FORMATION OF COPPER SULFATE OR POTASSIUM
DICHROMATE, PRODUCE DISTINCTLY COLORED SUBSTANCES. THESE COLORED COMPOUNDS SERVE AS IMPORTANT INDICATORS IN
QUALITATIVE ANALYSIS AND ARE FUNDAMENTAL IN UNDERSTANDING THE RELATIONSHIP BETWEEN ELECTRONIC STRUCTURE AND
COLOR IN CHEMISTRY.

FINAL NOTES

- ALWAYS OBSERVE THE PRODUCTS OF A CHEMICAL REACTION TO IDENTIFY COLOR CHANGES.

- USE COLOR CHANGES AS INDICATORS FOR THE PRESENCE OF SPECIFIC IONS OR COMPOUNDS.

- RECOGNIZE THAT THE COLOR OF A SUBSTANCE IS OFTEN LINKED TO ITS ELECTRONIC STRUCTURE, ESPECIALLY IN TRANSITION
METALS AND COMPLEX IONS.

IN SUMMARY, WHILE SODIUM METAL REACTS VIGOROUSLY WITH WATER, IT DOES NOT PRODUCE A COLORED SUBSTANCE,
CONTRASTING WITH MANY OTHER REACTIONS THAT DO. RECOGNIZING THESE DIFFERENCES IS ESSENTIAL IN UNDERSTANDING
CHEMICAL BEHAVIOR AND THE NATURE OF CHEMICAL INDICATORS.

FREQUENTLY AskeD QUESTIONS

\WHICH CHEMICAL REACTION RESULTS IN THE FORMATION OF A COLOURED SUBSTANCE?

MANY REACTIONS CAN PRODUCE COLOURED SUBSTANCES, SUCH AS THE ADDITION OF SODIUM METAL TO WATER WHICH
RELEASES HYDROGEN GAS AND SODIUM HYDROXIDE, BUT IT DOES NOT PRODUCE A COLOURED COMPOUND. REACTIONS INVOLVING
TRANSITION METALS, LIKE THE ADDITION OF CERTAIN REAGENTS TO SOLUTIONS OF METAL IONS, OFTEN PRODUCE COLOURED



SUBSTANCES.

DOES THE ADDITION OF SODIUM METAL TO WATER PRODUCE A COLOURED SUBSTANCE?

NO, THE ADDITION OF SODIUM METAL TO WATER PRODUCES HYDROGEN GAS AND SODIUM HYDROXIDE, WHICH ARE COLOURLESS.
[T DOES NOT PRODUCE A COLOURED SUBSTANCE.

\WHAT TYPE OF REACTIONS TYPICALLY PRODUCE COLOURED SUBSTANCES?

REACTIONS INVOLVING TRANSITION METAL COMPOUNDS, SUCH AS THE ADDITION OF REAGENTS TO SOLUTIONS CONTAINING
METAL IONS, OFTEN PRODUCE CHARACTERISTIC COLOURS DUE TO D-D ELECTRONIC TRANSITIONS.

CAN THE ADDITION OF OTHER CHEMICALS LEAD TO COLOURED PRODUCTS?

YES/ REACTIONS SUCH AS ADDING REAGENTS TO METAL ION SOLUTIONS CAN PRODUCE COLOURED COMPLEXES, INDICATING THE
FORMATION OF COLOURED SUBSTANCES.

WHY DO SOME CHEMICAL REACTIONS PRODUCE COLOURED SUBSTANCES WHILE OTHERS
DO NOT?

COLOURED SUBSTANCES ARE TYPICALLY PRODUCED WHEN THE REACTION INVOLVES TRANSITION METALS FORMING COMPLEX
IONS WITH CHARACTERISTIC COLOURS, WHEREAS REACTIONS LIKE SODIUM METAL WITH WATER PRODUCE COLOURLESS
PRODUCTS.

ADDITIONAL RESOURCES

\WHIcH REAacTION Probuces A CoLoURED SUBSTANCE? A COMPREHENSIVE INVESTIGATION

IN THE VAST REALM OF CHEMISTRY, REACTIONS ARE OFTEN CHARACTERIZED NOT ONLY BY THEIR CHEMICAL TRANSFORMATIONS
BUT ALSO BY THE VIVID COLORS THEY PRODUCE. THE EMERGENCE OF COLOR DURING A CHEMICAL REACTION CAN SERVE AS A
VISUAL INDICATOR OF SPECIFIC PROCESSES, THE FORMATION OF PARTICULAR COMPOUNDS, OR EVEN THE PRESENCE OF CERTAIN
IONS. AMONG THESE, UNDERSTANDING WHICH REACTIONS YIELD COLORED SUBSTANCES IS FUNDAMENTAL IN FIELDS RANGING FROM
ANALYTICAL CHEMISTRY TO INDUSTRIAL MANUFACTURING. THIS ARTICLE DELVES INTO THE INTRICACIES OF REACTIONS THAT
PRODUCE COLORED SUBSTANCES, WITH A PARTICULAR FOCUS ON THE REACTION INVOLVING THE ADDITION OF SODIUM METAL
TO WATER AND RELATED PROCESSES.

INTRODUCTION: THE SIGNIFICANCE OF CoLoR IN CHEMICAL REACTIONS

COLORATION IN CHEMICAL REACTIONS IS MORE THAN AESTHETIC, IT OFTEN SIGNIFIES THE FORMATION OF SPECIFIC COMPOUNDS,
OXIDATION STATES, OR COMPLEX IONS. For CHEMISTS, THE APPEARANCE OF COLOR CAN ACT AS A QUALITATIVE OR SEMI-
QUANTITATIVE INDICATOR, GUIDING THE IDENTIFICATION OF SUBSTANCES, MONITORING REACTION PROGRESS, OR DIAGNOSING
REACTION CONDITIONS.

SOME REACTIONS PRODUCE VIVID COLORS IMMEDIATELY, SUCH AS THE DEEP BLUE OF COPPER SULFATE, THE YELLOW OF
CHROMATE IONS, OR THE STRIKING PURPLE OF POTASSIUM PERMANGANATE. OTHERS INVOLVE SUBTLE COLOR CHANGES THAT CAN
BE INDICATIVE OF PH SHIFTS OR COMPLEX FORMATION.

UNDERST ANDING WHICH REACTIONS GENERATE COLORED SUBSTANCES IS CRUCIAL FOR SEVERAL APPLICATIONS:

- ANALYTICAL DETECTION: USING COLOR CHANGE TO DETECT IONS OR MOLECULES.
- INDUSTRIAL PROCESSES: ENSURING CORRECT PRODUCT FORMATION,



- EDUCATIONAL DEMONSTRATIONS: VISUALIZING CHEMICAL PRINCIPLES.

THIS INVESTIGATION WILL EXPLORE THE SPECIFIC REACTIONS THAT PRODUCE COLORED SUBSTANCES, WITH A FOCUS ON THE
REACTION OF SODIUM METAL WITH WATER, AND COMPARE IT WITH OTHER TYPICAL REACTIONS KNOWN FOR THEIR COLORFUL
OUTCOMES.

ReACTIONS THAT ProbuUcCE CoLORED SUBSTANCES: AN OVERVIEW

THE FORMATION OF COLORED COMPOUNDS IN CHEMICAL REACTIONS CAN GENERALLY BE ATTRIBUTED TO THE CREATION OF:

- TRANSITION METAL COMPLEXES (E.G., COPPER, CHROMIUM, MANGANESE COMPOUNDS )

- OXIDATION STATE CHANGES OF ELEMENTS (E.G., MANGANESE IN MNO, vs. Mn?t)

- FORMATION OF COLLOIDS OR PRECIPITATES WITH CHARACTERISTIC COLORS (E.G., IRON(II) HYDROXIDE)
- ORGANIC DYES OR PIGMENTS GENERATED DURING REACTIONS

SOME CLASSIC EXAMPLES INCLUDE:

- PoTASSIUM PERMANGANATE (KMNO,,): PRODUCES A DEEP PURPLE SOLUTION.

- CHROMATE AND DICHROMATE IONS: YIELD YELLOW (CHROMATE) OR ORANGE (DICHROMATE) SOLUTIONS.
- COPPER COMPOUNDS: SUCH AS COPPER SULFATE, BLUE AQUEOUS SOLUTIONS.

- Iron coMpounDs: IRON(III) cHLORIDE (YELLOW-BROWN), IRON(II) SULFATE (PALE GREEN).

- TITANIUM DIOXIDE: WHITE, USED AS A PIGMENT.

- ORGANIC REACTIONS: SUCH AS THE FORMATION OF AZO DYES, WHICH ARE BRIGHTLY COLORED.

IN THE CONTEXT OF THE INITIAL QUESTION—”\X/HICH REACTION PRODUCES A COLOURED SUBSTANCE?”—IT’S CRITICAL TO
ASSESS REACTIONS THAT INHERENTLY GENERATE SUCH COLORED PRODUCTS.

THe ReAacTION oF SobiuM MeTAL WITH W ATER

OVERVIEW AND PROCESS

THE REACTION OF SODIUM METAL WITH WATER IS A CLASSIC DEMONSTRATION OF AN ALKALI METAL'S HIGH REACTIVITY. THE
REACTION PROCEEDS AS FOLLOWS:

\[ 2Na (s) + 2H_20 (L) \riGHTARROW 2NAOH (AQ) + H_2 (a) \]

THIS REACTION IS HIGHLY EXOTHERMIC AND RESULTS IN THE FORMATION OF SODIUM HYDROXIDE AND THE RELEASE OF HYDROGEN
GAS. NOTABLY/ NEITHER SODIUM HYDROXIDE NOR HYDROGEN GAS IS COLORED, THEY ARE BOTH COLORLESS OR NEARLY SO.

Does THis ReacTioN Probuce A COLOURED SUBSTANCE?

BASED SOLELY ON THE PRODUCTS FORMED, THE REACTION DOES NOT DIRECTLY PRODUCE A COLORED SUBSTANCE. SobiuMm
HYDROXIDE SOLUTIONS ARE TRANSPARENT, AND HYDROGEN GAS IS COLORLESS. THE REACTION’S SIGNATURE IS THE VIGOROUS
BUBBLING OF HYDROGEN AND THE FORMATION OF AN AQUEOUS SOLUTION OF SODIUM HYDROXIDE, WHICH IS CLEAR.

HO\X/EVER, THE REACTION'S PROCESS CAN BE ASSOCIATED WITH CERTAIN PHENOMENA THAT INVOLVE COLOR CHANGE UNDER



SPECIFIC CIRCUMSTANCES:

- CORROSION AND OXIDATION OF SODIUM: W/HEN SODIUM REACTS WITH MOISTURE IN THE AIR OR OTHER ENVIRONMENTAL
FACTORS, IT CAN FORM SODIUM COMPOUNDS WITH IMPURITIES OR SURFACE OXIDATION, SOMETIMES LEADING TO FAINT
COLORATION.

- PRESENCE OF IMPURITIES: |F THE SODIUM METAL OR WATER CONTAINS TRACE TRANSITION METAL IONS OR OTHER IMPURITIES,
THE SOLUTION MAY ACQUIRE A SLIGHT COLORATION.

- SECONDARY REACTIONS: IN SOME CASES, THE REACTION ENVIRONMENT MAY PRODUCE COLORED COMPLEXES, BUT THESE ARE
NOT TYPICAL PRODUCTS OF SODIUM REACTING WITH WATER.

THEREFORE, IN PURE CONDITIONS, THE REACTION OF SODIUM WITH WATER DOES NOT PRODUCE A COLORED SUBSTANCE.

OTHER REACTIONS THAT LEAD TO THE FORMATION OF COLOURED
SUBSTANCES

W/HILE SODIUM METAL'S REACTION WITH WATER IS PRIMARILY COLORLESS, SEVERAL OTHER REACTIONS ARE WELL-KNOWN FOR
PRODUCING VIVID COLORS. THESE REACTIONS ARE OFTEN UTILIZED IN ANALYTICAL CHEMISTRY, INDUSTRIAL PROCESSES, OR
EDUCATIONAL DEMONSTRATIONS.

1. THe REACTION OF POTASSIUM PERMANGANATE (KMNO,)

- CoLor: DEEP PURPLE

- REACTION: \WHEN POTASSIUM PERMANGANATE IS DISSOLVED IN WATER, IT PRODUCES A VIOLET-COLORED SOLUTION DUE TO
THE MN7 ION.

- APPLICATION: USED AS AN OXIDIZING AGENT AND IN TITRATIONS.

2. THe CHROMATE/DICHROMATE EQUILIBRIUM

- CHROMATE 10N (CRO427): YELLOW

- DICHROMATE 10N (CR,O,27): ORANGE

- REACTION: ACIDIC SOLUTIONS OF CHROMATE CAN CONVERT INTO DICHROMATE AND VICE VERSA, WITH A NOTICEABLE COLOR
CHANGE.

3. Copper COMPOUNDS

- Copper SULFATE (CUSO,): BLUE AQUEOUS SOLUTION
- REACTION: DISSOLVING COPPER IN SULFURIC ACID OR REACTING COPPER WITH SULFURIC ACID YIELDS BLUE SOLUTIONS,
INDICATIVE of Cu?? |ons.

4. [roN COMPOUNDS

- Iron(I11) cHLorIDE (FECL,): YELLOW-BROWN SOLUTION
- IronN(II) suLraTE (FESO,): PALE GREEN SOLUTION
- REACTION: THESE IONS FORM COLORED SOLUTIONS INDICATIVE OF THEIR OXIDATION STATES.



5. OrGANIC DYES AND PIGMENTS

- REACTIONS INVOLVING AZO COMPOUNDS OR OTHER ORGANIC INTERMEDIATES OFTEN RESULT IN BRIGHTLY COLORED DYES USED
IN TEXTILES AND FOOD.

MecHANISMS BEHIND CoLorR FORMATION IN REACTIONS

UNDERSTANDING WHY CERTAIN REACTIONS PRODUCE COLORED SUBSTANCES INVOLVES EXAMINING THE NATURE OF THE CHEMICAL
SPECIES INVOLVED. TRANSITION METAL IONS ARE PARTICULARLY SIGNIFICANT BECAUSE:

- THEY HAVE PARTIALLY FILLED D-ORBITALS.
- THEY CAN EXIST IN MULTIPLE OXIDATION STATES.
- THEIR ELECTRONIC TRANSITIONS ABSORB SPECIFIC WAVELENGTHS OF LIGHT, RESULTING IN CHARACTERISTIC COLORS.

FOR EXAMPLE:

- MANGANESE COMPOUNDS: THE PURPLE COLOR OF PERMANGANATE IS DUE TO A CHARGE TRANSFER INVOLVING MN".
- CHROMATE/DICHROMATEZ THE YELLOW AND ORANGE COLORS CORRESPOND TO SPECIFIC D-D TRANSITIONS IN CHROMIUM IONS.
- COPPER AND IRON IONS: THEIR DISTINCT COLORS ARISE FROM D-ELECTRON TRANSITIONS INFLUENCED BY LIGAND FIELD EFFECTS.

ORGANIC DYES, ON THE OTHER HAND, TYPICALLY HAVE CONJUGATED PI"ELECTRON SYSTEMS THAT ABSORB SPECIFIC
W AVELENGTHS, PRODUCING VIVID COLORS.

REASSESSING THE ORIGINAL QUESTION

THE INITIAL QUESTION POSED WAS: W HICH REACTION ProbuUCES A CoLoURED SuBsTANCE? A. THE ApbiTioN OF Soblum
MeTAaL To WATER. B. THE ApDITION...”

GIVEN THE CONTEXT, AND BASED ON THE DETAILED ANALYSIS ABOVE, THE KEY POINTS ARE:

- THE REACTION OF SODIUM METAL WITH WATER DOES NOT PRODUCE A COLORED SUBSTANCE; IT PRODUCES COLORLESS
SODIUM HYDROXIDE SOLUTION AND HYDROGEN GAS.

- MANY OTHER REACTIONS, ESPECIALLY THOSE INVOLVING TRANSITION METAL IONS LIKE PERMANGANATE, CHROMATE, OR COPPER
COMPOUNDS, DO PRODUCE DISTINCT COLORS.

THUSI IF THE QUESTION AIMS TO IDENTIFY REACTIONS THAT PRODUCE NOTICEABLE COLORED SUBSTANCES, THE REACTION
INVOLVING SODIUM METAL AND WATER DOES NOT QUALIFY UNLESS IMPURITIES OR SECONDARY REACTIONS ARE INVOLVED.

CONCLUSION AND IMPLICATIONS FOR CHEMICAL ANALYSIS

THE PRODUCTION OF COLORED SUBSTANCES DURING CHEMICAL REACTIONS IS A VITAL ASPECT OF CHEMICAL IDENTIFICATION AND
ANALYSIS. REACTIONS INVOLVING TRANSITION METALS ARE PRIME EXAMPLES OF PROCESSES THAT YIELD CHARACTERISTIC
COLORS DUE TO ELECTRONIC TRANSITIONS WITHIN THEIR D-ORBITALS. ORGANIC DYES AND COMPLEX IONS FURTHER EXPAND THE
PALETTE OF COLORS ACCESSIBLE VIA CHEMICAL REACTIONS.



IN CONTRAST, THE REACTION OF SODIUM METAL WITH WATER IS A STRAIGHTFORW ARD EXAMPLE OF A HIGHLY REACTIVE
PROCESS THAT, UNDER IDEAL CONDITIONS, DOES NOT PRODUCE A COLORED PRODUCT. [TS SIGNIFICANCE LIES IN DEMONSTRATING
REACTIVITY, NOT COLORATION.

IMPLICATIONS:

- For ANALYTICAL PURPOSES, COLOR CHANGES CAN SERVE AS QUICK QUALITATIVE INDICATORS.
- IN INDUSTRIAL APPLICATIONS, CONTROLLING REACTIONS THAT PRODUCE COLORED INTERMEDIATES OR PRODUCTS IS ESSENTIAL

FOR PRODUCT QUALITY.
- EDUCATIONAL DEMONSTRATIONS OF COLOR-PRODUCING REACTIONS HELP VISUALIZE CHEMICAL PRINCIPLES SUCH AS ELECTRON

TRANSITIONS, OXIDATION STATES, AND COMPLEX FORMATION.

FINAL NOTE: WHEN CONSIDERING WHICH REACTIONS PRODUCE COLORED SUBSTANCES, FOCUS ON THOSE INVOLVING TRANSITION
METAL IONS OR ORGANIC CHROMOPHORES, RATHER THAN SIMPLE DISPLACEMENT OR HYDROLYSIS REACTIONS LIKE SODIUM
REACTING WITH WATER.

IN SUMMARY, REACTIONS THAT PRODUCE A COLORED SUBSTANCE ARE TYPICALLY THOSE INVOLVING TRANSITION METALS,
COMPLEX FORMATION, OR ORGANIC CHROMOPHORES. THE REACTION OF SODIUM METAL WITH WATER, WHILE HIGHLY REACTIVE
AND VISUALLY DEMONSTRATIVE OF CHEMICAL REACTIVITY, DOES NOT PRODUCE A COLORED PRODUCT. |NSTEAD, IT EXEMPLIFIES
A REACTION THAT YIELDS COLORLESS PRODUCTS AND GASES, EMPHASIZING THAT NOT ALL CHEMICAL TRANSFORMATIONS ARE
ASSOCIATED WITH VISUAL COLOR CHANGES.
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