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UNDERSTANDING HOW TO DETERMINE THE VOLUME OF A SOLUTION NEEDED FOR A CHEMICAL REACTION IS FUNDAMENTAL IN
CHEMISTRY. THIS ARTICLE EXPLORES THE PROCESS OF CALCULATING THE VOLUME oF 0.100 M NAOH (SobIuM HYDROXIDE)
THAT A STUDENT sHouLD AbD To 100 ML oF 0.100 M HNO, (NITRIC ACID). ACCURATE CALCULATIONS ARE ESSENTIAL FOR
PREPARING SOLUTIONS, CONDUCTING TITRATIONS, AND UNDERSTANDING ACID-BASE NEUTRALIZATION REACTIONS. BY THE END OF
THIS GUIDE, YOU WILL BE EQUIPPED WITH THE KNOWLEDGE TO PERFORM THESE CALCULATIONS CONFIDENTLY.

UNDERSTANDING THE BASICS oF ACID-BASE TITRATION

WHAT IS TITRATION?

TITRATION IS A LABORATORY TECHNIQUE USED TO DETERMINE THE CONCENTRATION OF AN UNKNOWN SOLUTION BY ADDING A
SOLUTION OF KNOWN CONCENTRATION UNTIL A REACTION IS COMPLETE. |T IS WIDELY EMPLOYED IN ANALYTICAL CHEMISTRY TO
FIND THE MOLARITY OF ACIDS OR BASES.

Key COMPONENTS OF TITRATION

- ANALYTE: THE SOLUTION OF UNKNOWN CONCENTRATION (HERE, NITRIC ACID, HNO5,).

- TITRANT: THE SOLUTION OF KNOWN CONCENTRATION (HERE, SODIUM HYDROXIDE, NAOH).

- INDICATOR: A CHEMICAL THAT SIGNALS THE END OF THE TITRATION, OFTEN VIA A COLOR CHANGE.

- EQUIVALENCE POINT: THE POINT AT WHICH THE AMOUNT OF TITRANT ADDED EXACTLY REACTS WITH THE ANALYTE.

UNDERSTANDING THE REACTION BETWEEN NAOH AND HNO,

BALANCED CHEMICAL EQUATION

THE NEUTRALIZATION REACTION BETWEEN SODIUM HYDROXIDE AND NITRIC ACID IS:
\[ \MATHRM{NAOH (AQ) + HNO_3 (AQ) \riGHTARROW NANO 3 (a@) +H 20 (L)} \]

THIS REACTION OCCURS IN' A 1:1 MOLAR RATIO, MEANING ONE MOLE OF NAOH REACTS WITH ONE MOLE OF HNO3.

IMPLICATION FOR CALCULATIONS

BECAUSE THE MOLAR RATIO IS 1:1, THE NUMBER OF MOLES OF NAOH NEEDED TO NEUTRALIZE A GIVEN AMOUNT OF HNO, CAN BE
DIRECTLY CALCULATED FROM THE MOLES OF HNO, PRESENT.

GIveN DATA AND WHAT |s REQUIRED

GIvEn DATA:
- ConcenTrATION oF NAOH, \( M_{NAOH} = 0.100\, \texT{M3} \)



- VoLuMe oF NAOH soLuTion To gt ADDED, \( V_{NAOH} = ? \) (THIS IS WHAT WE NEED TO FIND)
- CONCENTRATION ofF HNO,, \( M_{HNO_3} = 0.100\, \Text{M} \)
- VoLuMe ofF HNO, soruTion, \( V_{HNO_3} = 100\, \text{mL} \)

WHAT IS REQUIRED:
- THe voLuME oF NAOH soLuTIoN (IN ML) NEEDED TO coMPLETELY NEUTRALIZE 100 ML oF 0.100 M HNO,,.

STeP-BY-STEP CALCULATION

1. CALCULATE THE MOLES OF HNO, PRESENT

USING THE MOLARITY FORMULA!

\[ \text{MoLes} =M \TimMes V \]

CONVERT VOLUME FROM ML ToO L:

\[ V_{HNO_33} =100\, \Text{mL} = 0.100\, \texT{L} \]
THus,

\[ \TexT{MoLes oF HNO} 3 = 0.100\, \texT{M} \TiMes 0.100\, \texT{L} = 0.010\, \Text{moLes} \]

2. DETERMINE THE MOLES oF NAOH NEEDED

FROM THE BALANCED EQUATION, THE MOLAR RATIO OF NAOH 170 HNOg Is 1:1. THEREFORE

/

\[ \TexT{MoLes oF NAOH} = \texT{MoLes oF HNO}_3 = 0.010\, \Text{moLes} \]

3. CALCULATE THE VOLUME oF NAOH SOLUTION REQUIRED

USING THE MOLARITY OF NAOH:
\[ V_{NaOH} = \rrac{\TexT{MoLes oF NAOHI}{M_{NAOH}} \]

\[ V_{NACH} = \Frrac{0.010\, \TexT{moLes}}{0.100\, \text{M}} = 0.100\, \TexT{L} \]
CONVERT To ML:

\[ 0.100\, \text{L} = 100\, \text{mL} \]

RESULT:
THE STUDENT SHouLD ADD 100 ML oF 0.700 M NAOH 10 100 ML ofF 0.100 M HNO, FOR COMPLETE NEUTRALIZATION.

PrACTICAL CONSIDERATIONS AND TIPS

ACCURACY IN MEASUREMENT

- USE CALIBRATED PIPETTES AND BURETTES FOR PRECISE MEASUREMENT.
- ENSURE SOLUTIONS ARE WELL MIXED DURING TITRATION.



CHoICE OF INDICATOR

- COMMON INDICATORS FOR STRONG ACID-STRONG BASE TITRATIONS INCLUDE PHENOLPHTHALEIN, WHICH CHANGES COLOR AT PH
AROUND 8.2.

EnD POINT vs. EQUIVALENCE POINT

- THE GOAL IS TO REACH THE EQUIVALENCE POINT, WHERE THE AMOUNT OF ACID EQUALS THE AMOUNT OF BASE.
- THE INDICATOR HELPS VISUALLY SIGNAL THIS POINT.

CoMMoN MISTAKES To AvolD

- NOT CONVERTING UNITS PROPERLY.

- USING THE WRONG MOLARITY VALUES.

- OVERESTIMATING THE VOLUME OF TITRANT NEEDED.
- NOT PERFORMING MULTIPLE TRIALS FOR ACCURACY.

ADDITIONAL EXAMPLES AND PRACTICE PROBLEMS

ExAMPLE 1: DIFFERENT CONCENTRATIONS

SuUPPOSE THE CONCENTRATION oF NAOH 1s 0.050 M INsTEAD ofF 0. 100 M. How MucH NAOH IS NEEDED?
SOLUTION:

- MoLes oF HNO, remaiN 0.0 10 MoLEs.

- MoLARITY oF NAOH = 0.050 M.

\[ V_{NaOH} = \rrac{0.0103{0.050} = 0.200\, \text{L} = 200\, \Text{mL} \]

THus, 200 ML oF 0.050 M NACH Is NEEDED.

PrRACTICE PROBLEM

CALCULATE THE VoLUME of 0.200 M NAOH Neepep To NEUTRALIZE 50 ML oF 0.150 M HNO,,.

SoLUTION:
- MoLes oF HNOg:

\[0.150\, \exT{M} \TiMes 0.050\, \texT{L} = 0.0075\, \text{moLes} \]

- MoLes oF NAOH NeeDED:

\[0.0075\, \Tex{moLes} \]

- VoLuME oF NAOH:

\[ V_{NAOH} = \rrac{0.0075}{0.200} = 0.0375\, \tex{L} = 37.5\, \texT{mL} \]

ANsweEr: 37.5 ML oF 0.200 M NAOH.



SUMMARY AND KEY T AKEAWAYS

- THE MOLAR RATIO OF NAOH To HNOj IN THE NEUTRALIZATION REACTION IS 1:1.

- To DETERMINE THE VOLUME OF NAOH NEEDED, FIRST CALCULATE MOLES OF HNO;, THEN USE THE MOLARITY OF NAOH TO
FIND THE REQUIRED VOLUME.

- ALWAYS CONVERT VOLUME MEASUREMENTS TO LITERS WHEN CALCULATING MOLES, AND CONVERT BACK TO MILLILITERS FOR
PRACTICAL USE.

- PRECISE MEASUREMENT AND PROPER TECHNIQUE ARE ESSENTIAL FOR ACCURATE TITRATION RESULTS.

- UNDERSTANDING THE PRINCIPLES OF ACID-BASE REACTIONS AND MOLARITY CALCULATIONS IS CRUCIAL FOR LABORATORY
SUCCESS.

CoNCLUSION

CALCULATING THE VOLUME OF NAOH REQUIRED TO NEUTRALIZE A GIVEN VOLUME OF NITRIC ACID IS STRAIGHTFORWARD ONCE
YOU UNDERSTAND THE MOLARITY CONCEPT AND THE STOICHIOMETRY OF THE REACTION. For 100 ML oF 0.100 M HNO;, THE
STUDENT sHouLd Abb 100 ML oF 0.100 M NAOH FOR COMPLETE NEUTRALIZATION. MASTERY OF THESE CALCULATIONS IS
ESSENTIAL FOR VARIOUS APPLICATIONS IN CHEMISTRY, INCLUDING SOLUTION PREPARATION, TITRATION ANALYSIS, AND
UNDERSTANDING REACTION STOICHIOMETRY.

REMEMBER: ALWAYS DOUBLE-CHECK YOUR CALCULATIONS, USE PROPER LAB TECHNIQUES, AND UNDERSTAND THE UNDERLYING
CHEMISTRY PRINCIPLES TO ENSURE ACCURATE AND RELIABLE RESULTS.

FREQUENTLY ASkeD QUESTIONS

How po you DETERMINE THE VOLUME OF 0.100 M NAOH Neepeb To NEUTRALIZE 100
ML oF 0.100 M HNOQ3?

SINCE BOTH SOLUTIONS HAVE THE SAME MOLARITY, THE VOLUME OF NAOH REQUIRED IS EQUAL TO THE VOLUME OF HNO3,
WHICH IS 100 ML, BECAUSE THEY REACT IN A 1:1 MOLAR RATIO.

\WHAT IS THE CALCULATION TO FIND THE VOLUME OF NAOH NEEDED TO NEUTRALIZE
100 ML oF 0.100 M HNO3?

UsING THE FORMULA MTV 1 = M2V 2 For TITRATION, WITHM1 anD V 1 ForR NAOH, M2 anD V2 For HNO3, AND GIVEN
BOTH MOLARITIES ARE 0. 100 M, THE voLuME oF NAOH neepep 1s 100 ML.

IF you HAVE 100 ML oF 0.100 M HNO3, How MucH 0.100 M NAOH sHouLb You
ADD FOR COMPLETE NEUTRALIZATION?

You sHouLb abb 100 ML oF 0.100 M NAOH, AS THE MOLARITIES ARE EQUAL AND THE REACTION RATIO IS 1:1.

CAN YOU USE THE CONCEPT OF MOLARITY TO DETERMINE THE NAOH VOLUME NEEDED
FOR NEUTRALIZATION? How?

YES, BECAUSE MOLARITY RELATES MOLES OF SOLUTE TO VOLUME. SINCE BOTH SOLUTIONS ARE 0. 100 M AND REACT IN A 1:1
RATIO, THE VOLUME OF NAOH NEEDED EQUALS THE VOLUME oF HNOJ3, wHicH 1s 100 ML.

WHAT ASSUMPTIONS ARE MADE WHEN CALCULATING THE VOLUME OF NAOH REQUIRED



FOR NEUTRALIZATION IN THIS SCENARIO?

[T IS ASSUMED THAT THE REACTIONS ARE COMPLETE, THE SOLUTIONS ARE PURE, THE MOLARITY IS ACCURATE, AND THE
REACTION OCCURS IN A 1:1 MOLAR RATIO WITHOUT ANY SIDE REACTIONS.

WHY IS THE voLUME oF NAOH NeepeD To NEUTRALIZE 100 ML oF 0.100 M HNO3
EQUAL TOo 100 ML?

BECAUSE BOTH SOLUTIONS HAVE THE SAME MOLARITY AND REACT IN A 1:1 MOLAR RATIO, SO EQUAL VOLUMES ARE NECESSARY
FOR COMPLETE NEUTRALIZATION.

How WouLD THE CALCULATION CHANGE IF THE NAOH SOLUTION HAD A DIFFERENT
MOLARITY, SAY 0.060 M?

YouU WOouULD USE THE FORMULA M1V 1 =M2V 2. For 0.050 M NAOH, THE VOLUME NEEDED WOULD BE TWICE THE VOLUME
of HNO3, so 200 ML, To PROVIDE THE SAME NUMBER OF MOLES FOR NEUTRALIZATION.

ADDITIONAL RESOURCES

DeTerMINE THE VoLuMg, INML, OF 0.100 M NAOH(AG) THe STUDENT SHouLd Abb To 100. ML Or 0.100 M HNO,
(aQ)

UNDERSTANDING THE PRECISE VOLUME OF SODIUM HYDROXIDE (NAOH) NEEDED TO NEUTRALIZE A GIVEN VOLUME OF NITRIC ACID
(HNO,) IS A FUNDAMENTAL CONCEPT IN ACID-BASE TITRATIONS. THIS PROCESS NOT ONLY REINFORCES FOUNDATIONAL
CHEMISTRY PRINCIPLES BUT ALSO ENHANCES PRACTICAL LABORATORY SKILLS ESSENTIAL FOR ACCURATE QUANTITATIVE
ANALYSIS. THE PROBLEM STATEMENT EMPHASIZES DETERMINING THE VOLUME, IN MILLILITERS, OF 0. 100 M NAOH REQUIRED TO
NEUTRALIZE 100 ML oF 0.100 M HNOj,, AN EXERCISE THAT ENCAPSULATES CONCEPTS OF MOLARITY, STOICHIOMETRY, AND
TITRATION TECHNIQUES.

INTRODUCTION TO ACID-BASE TITRATION

TITRATION IS A LABORATORY TECHNIQUE USED TO DETERMINE THE CONCENTRATION OF AN UNKNOWN SOLUTION BY REACTING IT
WITH A SOLUTION OF KNOWN CONCENTRATION. IN THIS CASE, THE ACID (HNO,) AND THE BASE (NAOH) ARE BOTH OF KNOWN
MOLARITY (0.100 M), SIMPLIFYING CALCULATIONS AND EMPHASIZING THE STOICHIOMETRIC RELATIONSHIPS BETWEEN
REACTANTS.

THE CORE PRINCIPLE RELIES ON THE NEUTRALIZATION REACTION:
\[ \MATHRM{HNO 3 (AQ) + NAOH (AQ) \riGHTARROW NANO_3 (aQ) +H 20 (L)} \]

THIS REACTION OCCURS IN A 1:1 MOLAR RATIO, MEANING ONE MOLE OF NITRIC ACID REACTS WITH ONE MOLE OF SODIUM
HYDROXIDE. RECOGNIZING THIS RATIO IS CRUCIAL FOR CALCULATING THE VOLUME OF NAOH NEEDED.

UNDERSTANDING MOLARITY AND ITS ROLE IN TITRATION

MoLARITY (M) IS A MEASURE OF CONCENTRATION DEFINED AS MOLES OF SOLUTE PER LITER OF SOLUTION. BOTH SOLUTIONS IN
OUR PROBLEM ARE 0.100 M, INDICATING EACH CONTAINS 0. 100 MOLES OF SOLUTE PER LITER.



- FEATURES OF MOLARITY IN TITRATION:

- SIMPLIFIES STOICHIOMETRIC CALCULATIONS.

- ALLOWS DIRECT RELATION BETWEEN VOLUME AND MOLES.

- FACILITATES DETERMINING UNKNOWN VOLUMES OR CONCENTRATIONS.

- Pros:
- EASY TO PREPARE AND STANDARDIZE.
- PRECISE FOR LABORATORY WORK.

- Cons:
- SENSITIVE TO DILUTION ERRORS.
- REQUIRES ACCURATE MEASUREMENT OF VOLUME AND CONCENTRATION.

IN OUR CONTEXT, KNOWING THE MOLARITY ALLOWS US TO CALCULATE THE MOLES OF HNO, PResenT IN 100 ML oF
SOLUTION AND THEN DETERMINE THE VOLUME OF NAOH NEEDED FOR COMPLETE NEUTRALIZATION.

CALCULATING MoLEs oF HNO, IN T00 ML SoLuTion

THE FIRST STEP INVOLVES CALCULATING THE NUMBER OF MOLES OF NITRIC ACID IN THE GIVEN VOLUME:

\l

\TexT{MoLes of HNO} 3 = \TexT{MoLArITY} \TIMES \TEXT{VOLUME IN LITERS}

\]

GIVEN:

- MoLARITY of HNO, = 0.100 M
- VoLuMe oF HNO, = 100mML = 0.100 L

CALCULATION:

\[
\TexT{MoLes oF HNO} 3 = 0.100\, \Text{moL/L} \TiMes 0.100\, \Text{L} = 0.0100\, \texT{moL}

\]

THis INDICATES THERE ARE 0.0 100 MoLES oF NITRIC ACID IN THE 100 ML SoLUTION.

APPLYING STOICHIOMETRY TO FIND THE VoLUME oF NAOH NEEDED

SINCE THE REACTION BETWEEN HNO4 AND NAOH oCCURS IN A 1:1 MOLAR RATIO, THE MOLES OF NAOH REQUIRED ARE EQUAL
TO THE MOLES OF HNO 5 PRESENT:

\[
\texT{MoLes oF NAOH} = 0.0100\, \Text{moL}

\]

GIVEN THE MOLARITY ofF NAOH (0.100 M), THE VOLUME NEEDED CAN BE CALCULATED AS:

\[
\TexT{VoLuMe oF NAOH} = \rrac{\TexT{MoLes oF NAOH}}{\TexT{MoLArITY oF NAOH}} = \rrac{0.0 100\,



\texT{mMoL}}{0.100\, \texT{moL/L}} = 0.100\, \TexT{L}
\]

CONVERTING TO MILLILITERS:

\[
0.100\, \tex7{L} \TiMes 1000\, \texT{mL/L} = 100\, \TexT{ML}
\]

RESULT: THE STUDENT sHouLd AbD 100 ML oF 0.100 M NAOH soLUTION To COMPLETELY NEUTRALIZE 100 ML oF 0.100
M HNO,.

Key TAKEAWAYS AND PRACTICAL CONSIDERATIONS

THIS STRAIGHTFORW ARD CALCULATION HINGES ON THE MOLARITY AND VOLUME RELATIONSHIP, BUT REAL-WORLD TITRATIONS
OFTEN INVOLVE ADDITIONAL CONSIDERATIONS:

- ENDPOINT DETECTION: USUALLY, A SUITABLE INDICATOR (LIKE PHENOLPHTHALEIN) SIGNALS THE COMPLETION OF TITRATION. IN
A PERFECT CALCULATION, THE TITRANT VOLUME EQUALS THE THEORETICAL VALUE, BUT IN PRACTICE, SMALL ERRORS CAN
OCCUR.

- ACCURACY OF MEASUREMENTS: PRECISE PIPETTING AND BURETTE READINGS ARE ESSENTIAL FOR RELIABLE RESULTS.
- CONCENTRATION ACCURACY: ENSURING THE SOLUTIONS ARE CORRECTLY PREPARED AND STANDARDIZED IS VITAL.

FEATURES, PROS, AND CONS OF THIS APPROACH

FEATURES:

- CLEAR UNDERSTANDING OF MOLARITY AND STOICHIOMETRY.

- DIRECT APPLICATION OF CHEMICAL REACTION RATIOS.

- EMPHASIZES THE IMPORTANCE OF PRECISE MEASUREMENTS.

Pros:

- SIMPLE CALCULATIONS SUITABLE FOR STUDENTS NEW TO TITRATION.

- REINFORCES FUNDAMENTAL CONCEPTS OF MOLARITY AND CHEMICAL REACTIONS.
- CAN BE EASILY ADAPTED TO DIFFERENT ACID-BASE PAIRS.

Cons:

- ASSUMES IDEAL CONDITIONS; DOES NOT ACCOUNT FOR EXPERIMENTAL ERRORS.

- DOES NOT CONSIDER TITRATION INDICATORS OR ENDPOINT DETECTION NUANCES.
- REQUIRES ACCURATE LABORATORY TECHNIQUES FOR REAL-\WORLD APPLICATION.

EXTENSIONS AND PRACTICAL APPLICATIONS

W/HILE THIS CALCULATION IS STRAIGHTFORWARD, SEVERAL REAL-WORLD APPLICATIONS AND EXTENSIONS CAN DEEPEN



UNDERSTANDING:

- STANDARDIZATION OF TITRANT: USING PRIMARY STANDARDS TO DETERMINE THE EXACT CONCENTRATION OF NAOH.
- ANALYSIS OF UNKNOWN SOLUTIONS: APPLYING SIMILAR CALCULATIONS TO DETERMINE UNKNOWN CONCENTRATIONS.
- ENVIRONMENTAL TESTING: MONITORING ACID OR BASE LEVELS IN WATER SAMPLES.

- INDUSTRIAL PROCESSES: PRECISE NEUTRALIZATION IN MANUFACTURING OR WASTE TREATMENT.

CoNcLUSION

DETERMINING THE VOLUME oF 0. 100 M NAOH rReQuUIRED To NEUTRALIZE 100 ML ofF 0.100 M HNO, IS A FUNDAMENTAL
EXERCISE IN ACID-BASE CHEMISTRY. |T ENCAPSULATES CORE PRINCIPLES SUCH AS MOLARITY, MOLAR RATIOS, AND
STOICHIOMETRY, PROVIDING A FOUNDATION FOR MORE ADVANCED L ABORATORY TECHNIQUES. BY UNDERSTANDING THESE
CALCULATIONS, STUDENTS DEVELOP CRITICAL ANALYTICAL SKILLS THAT ARE ESSENTIAL IN SCIENTIFIC RESEARCH, INDUSTRIAL
APPLICATIONS, AND ENVIRONMENTAL MONITORING. THE KEY TAKEAWAY IS THAT, UNDER IDEAL CONDITIONS, 100 ML oF 0.100
M NAOH IS NECESSARY TO NEUTRALIZE THE SPECIFIED VOLUME OF NITRIC ACID, HIGHLIGHTING THE ELEGANCE AND SIMPLICITY OF
STOICHIOMETRIC RELATIONSHIPS IN CHEMISTRY.
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