DeTERMINE THE MoLARITY OF PHospHORIC AcID IF 20ML AciD
TITRATED WITH 15.9 ML OF 0.200 M SobiuM HYHDROXIDE

DeTerMINE THE MoLARITY OF PHosPHORIC AciD IF 20ML Acib TiTRATED WITH 15.9 ML Or 0.200 M SobiuM HYHDROXIDE
IS A COMMON PROBLEM IN ANALYTICAL CHEMISTRY, ESPECIALLY IN ACID-BASE TITRATION EXPERIMENTS. THIS TYPE OF
CALCULATION HELPS CHEMISTS UNDERSTAND THE CONCENTRATION OF UNKNOWN SOLUTIONS BY USING A TITRANT OF KNOWN
CONCENTRATION. IN THIS CASE, WE ARE ASKED TO FIND THE MOLARITY OF PHOSPHORIC ACID (H;PO,) BASED ON TITRATION
DATA INVOLVING SODIUM HYDROXIDE (NAOH). TO SOLVE THIS PROBLEM ACCURATELY, IT’S ESSENTIAL TO UNDERSTAND THE
PRINCIPLES OF TITRATION, THE CHEMICAL REACTIONS INVOLVED, AND THE STOICHIOMETRY OF THE REACTION BETWEEN
PHOSPHORIC ACID AND SODIUM HYDROXIDE.

UNDERSTANDING THE TITRATION PROCESS

WHAT IS TITRATION?

TITRATION IS A LABORATORY TECHNIQUE USED TO DETERMINE THE CONCENTRATION OF AN UNKNOWN SOLUTION BY REACTING IT
WITH A SOLUTION OF KNOWN CONCENTRATION. THE PROCESS INVOLVES GRADUALLY ADDING THE TITRANT (HERE, SODIUM
HYDROXIDE) TO THE ANALYTE (PHOSPHORIC ACID) UNTIL THE REACTION REACHES ITS EQUIVALENCE POINT, WHICH IS OFTEN
INDICATED BY A COLOR CHANGE IN AN APPROPRIATE INDICATOR.

SIGNIFICANCE OF THE DATA PrROVIDED

IN THIS PROBLEM, THE KEY DATA POINTS ARE:

- VOLUME OF PHOSPHORIC ACID USED: 20 ML

- VOLUME OF SODIUM HYDROXIDE USED: 15.9 ML

- CONCENTRATION OF SODIUM HYDROXIDE: 0.200 M

UsING THESE, WE CAN DETERMINE THE MOLARITY OF PHOSPHORIC ACID BY APPLYING STOICHIOMETRY PRINCIPLES.

CHeMICAL ReACTIONS INVOLVED

ReAacTIiON BETWEEN PHOSPHORIC ACID AND SobiuM HYDROXIDE

PHosPHORIC ACID (H;PO,) IS A TRIPROTIC ACID, MEANING IT CAN RELEASE THREE PROTONS (H) PER MOLECULE. THE
BALANCED NEUTRALIZATION REACTIONS WITH NAOH, WHICH IS A STRONG BASE, ARE:

1. FIRST PROTON:
H,PO, + NAOH NaH,PO, + H,O

2. SECOND PROTON:
NaH,PO, + NAOH Na HPO, + H,O



3. THIRD PROTON:
Na,HPO, + NAOH Na,PO, +H,O

IN TOTAL, ONE MOLE OF H3PO, REACTS WITH THREE MOLES OF NAOH. THEREFORE, FOR COMPLETE NEUTRALIZATION, THE
MOLAR RATIO IS 1:3.

CALCULATING THE MOLARITY OF PHOSPHORIC ACID

ST1ep 1: CALCULATE MoLEs oF SobiuM HyproxIDe Usebp

GIVEN:
- VoLuMe oF NAOH =159 ML =0.0159 L
- CoNCENTRATION oF NAOH =0.200 M

NUMBER OF MOLES ofF NAOH:

\l

\TexT{MoLes NAOH} = \TexT{ConcentraTION} \TiMES \TExT{VoLume} = 0.200)\, \TexT{moL/L} \TiMes 0.0159),
\texT{L} =0.00318\, \Text{moL}
\]

STeP 2: DETERMINE MOLES OF PHOSPHORIC ACID NEUTRALIZED

SINCE EACH MOLE OF H3PO, REACTS WITH THREE MOLES OF NAOH, THE MOLES OF PHOSPHORIC ACID IN THE 20 ML SAMPLE
ARE:

\[
\TexT{MoLes H;PO,} = \rrRac{\TExT{MoLES NAOH}}{3} = \Frac{0.003183}{3} = 0.00106\, \texT{moL}

\]

ST1eP 3: CALCULATE MOLARITY OF PHOSPHORIC ACID

THE MOLARITY (M) OF THE PHOSPHORIC ACID SOLUTION IS:

\l

\texT{MoLARITY oF HzPO,} = \rrAac{\TEXT{MOLES OF HzPO }}{\TEXT{VOLUME OF SOLUTION IN LITERS}} =
\rrRAC{0.00106\, \TexT{mMoL}}{0.020\, \texT{L}} = 0.053)\, \TexT{M}
\]

THUS, THE MOLARITY OF THE PHOSPHORIC ACID SOLUTION IS APPROXIMATELY 0.053 M.



IMPORTANT CONSIDERATIONS AND ASSUMPTIONS

AssUMPTION oF COMPLETE NEUTRALIZATION

THE CALCULATION ASSUMES THAT THE TITRATION REACHED THE EQUIVALENCE POINT WHERE ALL THE ACID HAS BEEN
NEUTRALIZED BY THE BASE. ACCURATE TITRATION TECHNIQUES AND INDICATORS ENSURE THIS POINT IS CORRECTLY IDENTIFIED.

INDicATOR CHOICE

CHOOSING THE CORRECT INDICATOR IS ESSENTIAL. FOR PHOSPHORIC ACID TITRATIONS, PHENOLPHTHALEIN IS COMMONLY USED
BECAUSE IT CHANGES COLOR AROUND THE PH AT THE EQUIVALENCE POINT FOR SUCH ACID-BASE REACTIONS.

PURITY OF THE REAGENTS

[T IS PRESUMED THAT BOTH THE PHOSPHORIC ACID SOLUTION AND SODIUM HYDROXIDE ARE PURE AND FREE FROM
CONTAMINATION, WHICH IS CRITICAL FOR PRECISE CALCULATIONS.

ADDITIONAL INSIGHTS AND APPLICATIONS

SIGNIFICANCE OF MOLARITY DETERMINATION

DETERMINING THE MOLARITY OF ACIDS LIKE PHOSPHORIC ACID IS CRUCIAL IN MANY FIELDS INCLUDING PHARMACEUTICALS, FOOD
INDUSTRY, AND CHEMICAL MANUFACTURING. | T ENSURES PROPER FORMULATION, SAFETY, AND COMPLIANCE WITH STANDARDS.

ExTeENSION To OTHER TITRATION CALCULATIONS

THE APPROACH USED HERE——APPLYING STOICHIOMETRY, MOLARITY, AND VOLUME DATA—IS APPLICABLE TO VARIOUS OTHER
TITRATION PROBLEMS INVOLVING DIFFERENT ACIDS, BASES, AND EVEN REDOX REACTIONS.

SUMMARY oOF THE CALCULATION STEPS

1. CALcULATE MoLES oF NAOH USED IN TITRATION.
2. DETERMINE THE MOLES OF PHOSPHORIC ACID BASED ON THE STOICHIOMETRY ( 1:3 RATIO).

3. CALCULATE THE MOLARITY OF PHOSPHORIC ACID FROM THE MOLES AND VOLUME.



FINAL ANSWER: THE MOLARITY OF THE PHOSPHORIC ACID SOLUTION IS APPROXIMATELY 0.053 M.

CoNcCLUSION

IN CONCLUSION, BY CAREFULLY ANALYZING THE TITRATION DATA AND APPLYING STOICHIOMETRIC PRINCIPLES, WE HAVE
DETERMINED THAT THE MOLARITY OF THE PHOSPHORIC ACID SOLUTION IS APPROXIMATELY 0.053 M. THIS CALCULATION
UNDERSCORES THE IMPORTANCE OF UNDERSTANDING CHEMICAL REACTIONS, MOLARITY, AND TITRATION TECHNIQUES IN
ANALYTICAL CHEMISTRY. ACCURATE MEASUREMENT AND PROPER INTERPRETATION OF TITRATION DATA ALLOW CHEMISTS TO
ASCERTAIN THE CONCENTRATION OF UNKNOWN SOLUTIONS, ENSURING QUALITY CONTROL AND SCIENTIFIC PRECISION IN VARIOUS
APPLICATIONS.
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- ONLINE RESOURCES ON TITRATION AND ACID-BASE CHEMISTRY FROM REPUTABLE EDUCATIONAL WEBSITES SUCH AS KHAN
AcADEMY AND CHEMGUIDE.

FREQUENTLY AskeD QUESTIONS

How DO YOU CALCULATE THE MOLARITY OF PHOSPHORIC ACID FROM THE TITRATION
DATA PROVIDED?

ToO CALCULATE THE MOLARITY OF PHOSPHORIC ACID, USE THE TITRATION FORMULA: M,V =M,V ,, WHERE M; AND V; ARE THE
MOLARITY AND VOLUME OF THE ACID, AND M, AND V, ARE THOSE OF THE BASE. REARRANGED, My = (M, X V,) / V.
SUBSTITUTE THE GIVEN VALUES TO FIND THE MOLARITY OF THE ACID.

\WHAT IS THE BALANCED CHEMICAL EQUATION FOR THE TITRATION OF PHOSPHORIC ACID
WITH SODIUM HYDROXIDE?

THE BALANCED EQUATION IS: H;PO, + 3 NACH NA;PO, + 3 H,O. THIS INDICATES THAT ONE MOLE OF PHOSPHORIC ACID
REACTS WITH THREE MOLES OF SODIUM HYDROXIDE.

How DOES THE STOICHIOMETRY OF THE REACTION AFFECT THE CALCULATION OF
PHOSPHORIC ACID MOLARITY?

SINCE PHOSPHORIC ACID REACTS WITH SODIUM HYDROXIDE IN A 1:3 MOLAR RATIO, YOU MUST ACCOUNT FOR THIS IN
CALCULATIONS. THE AMOUNT OF NAOH USED CORRESPONDS TO THREE TIMES THE AMOUNT OF PHOSPHORIC ACID PRESENT,
INFLUENCING THE MOLARITY CALCULATION ACCORDINGLY.

CALCULATE THE MOLARITY OF PHOSPHORIC ACID GIVEN 20 ML ACID TITRATED WITH
15.9 ML oF 0.200 M NAOH.

USING THE FORMULA: M; = (M, X V,) / (3 X V). PLUGGING IN THE VALUES: M; = (0.200 moL/L x 15.9 ML) / (3 x 20



ML) = (0.200 % 15.9) / 60 =3.18 / 60 = 0.053 MoL/L. THEREFORE, THE MOLARITY OF PHOSPHORIC ACID IS
APPROXIMATELY 0.063 M.

\NWHY IS IT IMPORTANT TO CONSIDER THE MOLAR RATIO WHEN DETERMINING THE
MOLARITY OF THE ACID?

BECAUSE THE REACTION BETWEEN PHOSPHORIC ACID AND SODIUM HYDROXIDE INVOLVES A 1:3 MOLAR RATIO, ACCOUNTING FOR
THIS ENSURES ACCURATE CALCULATION OF THE ACID'S MOLARITY FROM TITRATION DATA. IGNORING THIS RATIO WOULD LEAD
TO INCORRECT RESULTS.

\WHAT ARE COMMON SOURCES OF ERROR IN TITRATION EXPERIMENTS LIKE THIS , AND
HOW CAN THEY BE MINIMIZED?

COMMON ERRORS INCLUDE INACCURATE MEASUREMENT OF VOLUMES, INCOMPLETE REACTIONS, OR IMPURITIES. THESE CAN BE
MINIMIZED BY CAREFUL CALIBRATION OF EQUIPMENT, PERFORMING MULTIPLE TRIALS, AND ENSURING PROPER TECHNIQUE DURING
TITRATION.

ADDITIONAL RESOURCES

DETERMINE THE MoLARITY OF PHosPHORIC AciD IF 20ML Acib TITRATED WITH 15.9 ML Or 0.200 M SobluM HYDROXIDE

UNDERSTANDING HOW TO DETERMINE THE MOLARITY OF AN UNKNOWN ACID THROUGH TITRATION IS A FUNDAMENTAL SKILL IN
CHEMISTRY. TODAY, WE WILL EXPLORE A PRACTICAL EXAMPLE INVOLVING PHOSPHORIC ACID AND SODIUM HYDROXIDE:
DETERMINE THE MOLARITY OF PHOSPHORIC ACID IF 20 ML ACID IS TITRATED WITH 15.9 ML oF 0.200 M sobIUM HYDROXIDE.
THIS PROCESS NOT ONLY REINFORCES PRINCIPLES OF MOLARITY, MOLE RATIOS, AND TITRATION TECHNIQUES BUT ALSO
PROVIDES A STEP-BY-STEP METHODOLOGICAL GUIDE TO SOLVING SIMILAR PROBLEMS IN LABORATORY AND ACADEMIC SETTINGS.

INTRODUCTION: THE SIGNIFICANCE OF TITRATION IN ACID-BASE ANALYSIS

TITRATION IS AN ESSENTIAL QUANTITATIVE ANALYSIS TECHNIQUE USED TO DETERMINE THE CONCENTRATION OF AN UNKNOWN
SOLUTION. IN ACID-BASE TITRATIONS, AN ACID REACTS WITH A BASE IN A WELL-DEFINED CHEMICAL REACTION. BY ADDING A
TITRANT OF KNOWN CONCENTRATION UNTIL THE REACTION REACHES ITS EQUIVALENCE POINT, THE AMOUNT OF ACID OR BASE IN

THE SAMPLE CAN BE CALCULATED.

IN OUR SPECIFIC CASE, PHOSPHORIC ACID (H3PO,) — A TRIPROTIC ACID — IS TITRATED WITH SODIUM HYDROXIDE (NAOH), A
STRONG BASE. THE GOAL IS TO FIND THE MOLARITY OF PHOSPHORIC ACID BASED ON THE TITRATION DATA PROVIDED.

UNDERSTANDING THE CHEMISTRY: THE REACTION BETWEEN PHOSPHORIC ACID AND SODIUM HYDROXIDE
THe BALANCED CHEMICAL EQUATION

PHOSPHORIC ACID IS A TRIPROTIC ACID, MEANING IT CAN RELEASE UP TO THREE PROTONS (H+) PER MOLECULE. |TS REACTIONS
WITH SODIUM HYDROXIDE CAN BE REPRESENTED AS:

\[ \1exT{H} 3\texT{PO} 4 + 3\, \TexT{NAOH} \riGHTARROW \TEXT{NA} 3\TEXT{PO} 4 + 3\,
\texT{H}_2\7exT{O}\]

THIS INDICATES THAT ONE MOLE OF PHOSPHORIC ACID REACTS WITH THREE MOLES OF SODIUM HYDROXIDE.

STeP-BY-STEP APPROACH TO CALCULATE THE MOLARITY OF PHOSPHORIC ACID



1. GATHER ALL KNOoWN DATA

- VOLUME OF PHOSPHORIC ACID (UNKNOWN MOLARITY): 20 ML (or 0.020 L)
- VOLUME OF SODIUM HYDROXIDE USED: 15.9 ML (or 0.0159 L)

- MOLARITY OF SobluM HYDROXIDE: 0.200 M

2. CoNVERT VOLUMES To LITERS

- Acipb voLuMe: 20 ML = 0.020 L
- BAase voLume: 15.9 ML =0.0159 L

3. CALcULATE MoLES oF SobiuM HyproxIDE USED

USING THE MOLARITY FORMULA:

\[ \TexT{MoLes oF NAOH} = \TexT{MoLArITY} \TiMeS \TExT{VoLume (L)} \]

\[ \TexT{MoLes oF NAOH} = 0.200\, \texT{moL/L} \TiMes 0.0159\, \texT{L} \]

\[ \texT{MoLes oF NAOH} = 0.003 18\, \texT{moL} \]

4. DETERMINE MOLES OF PHOSPHORIC ACID

FROM THE BALANCED CHEMICAL EQUATION, THE MOLAR RATIO OF PHOSPHORIC ACID TO SODIUM HYDROXIDE IS:
\[ \texT{H} _3\1exT{PO3} 4 :\TexT{NAOH}=1:3\]

THEREFORE, THE MOLES OF PHOSPHORIC ACID ARE:

\[ \TexT{MoLes orF H} 3\TexT{PO} 4 = \rrac{\TexT{MoLes oF NAOH}}{3} \]

\[ \TexT{MoLes oF H} 3\TexT{PO}_4 = \rrac{0.00318}{3} = 0.00106\, \Text{moL} \]
5. CALCULATE MOLARITY OF PHOSPHORIC ACID

FINALLY, MOLARITY IS MOLES OF SOLUTE DIVIDED BY LITERS OF SOLUTION:

\[ \texT{MoLarITY of H} 3\TexT{PO} 4 = \rrac{\TexT{MoLes oF H} 3\TexT{PO} 4}{\TexT{VoLuME oF AciD IN
LITERS} ) \]

\[ \TexT{MoLArITY oF H} 3\TexT{PO} 4 = \rrac{0.00106}{0.020} = 0.053\, \texTt{M} \]

THUS, THE MOLARITY OF PHOSPHORIC ACID IS APPROXIMATELY 0.053 M.

DETAILED EXPLANATION OF EACH STEP
WHY CONVERT VOLUMES TO LITERS?

SINCE MOLARITY IS EXPRESSED IN MOL/L, ALL VOLUME MEASUREMENTS SHOULD BE CONVERTED TO LITERS TO MAINTAIN
CONSISTENT UNITS DURING CALCULATIONS. THIS STEP IS CRITICAL TO AVOID ERRORS.

THE IMPORTANCE OF MOLE RATIOS
THE KEY TO THIS CALCULATION LIES IN THE MOLE RATIO FROM THE BALANCED EQUATION. RECOGNIZING THAT PHOSPHORIC ACID

IS TRIPROTIC AND REACTS WITH THREE EQUIVALENTS OF NAOH PER MOLECULE IS VITAL. THIS RATIO DIRECTLY IMPACTS THE
CALCULATION OF THE ACID’S MOLARITY.



ENSURING ACCURACY AND PRECISION

- USE CALIBRATED BURETTES AND PIPETTES FOR VOLUME MEASUREMENTS.
- RECORD DATA METICULOUSLY.
- BE MINDFUL OF SIGNIFICANT FIGURES; IN THIS CASE, THREE SIGNIFICANT FIGURES ARE APPROPRIATE FOR THE FINAL ANS\WER.

ADDITIONAL CONSIDERATIONS AND PRACTICAL TIPS
CHOOSING INDICATORS

W/HILE NOT EXPLICITLY MENTIONED IN THIS PROBLEM, SELECTING AN APPROPRIATE INDICATOR (LIKE PHENOLPHTHALEIN) ENSURES
AN ACCURATE DETECTION OF THE TITRATION ENDPOINT.

ENDPOINT DETECTION

THE ENDPOINT IS WHEN THE INDICATOR CHANGES COLOR, SIGNALING THE REACTION IS COMPLETE. PROPER TECHNIQUE INVOLVES
SLOW ADDITION NEAR THE ENDPOINT TO AVOID OVERSHOOTING, WHICH CAN LEAD TO INACCURACIES.

REPEATING FOR CONSISTENCY

PERFORM MULTIPLE TITRATIONS TO ENSURE REPRODUCIBILITY. CALCULATING AN AVERAGE MOLARITY FROM SEVERAL TRIALS
INCREASES RELIABILITY.

CoMMON MISTAKES TO AvoID

- FORGETTING THE MOLE RATIO WHEN DEALING WITH POLYPROTIC ACIDS LIKE PHOSPHORIC ACID.
- MIXING UNITS OR FAILING TO CONVERT VOLUMES TO LITERS.

- USING THE WRONG MOLARITY OR VOLUME DATA.

- NOT PERFORMING MULTIPLE TRIALS TO CONFIRM RESULTS.

SUMMARY AND FINAL REMARKS

DETERMINE THE MOLARITY OF PHOSPHORIC ACID IF 20 ML ACID IS TITRATED WITH 15.9 ML oF 0.200 M SoDIUM HYDROXIDE
INVOLVES UNDERSTANDING THE STOICHIOMETRY OF THE REACTION, PRECISE MEASUREMENT, AND CAREFUL CALCULATION. THE KEY
STEPS INCLUDE CALCULATING THE MOLES OF THE TITRANT, ADJUSTING FOR THE MOLE RATIO FROM THE BALANCED CHEMICAL
EQUATION, AND THEN COMPUTING THE MOLARITY OF THE UNKNOWN ACID.

THIS PROCESS EXEMPLIFIES FUNDAMENTAL TITRATION PRINCIPLES—AN ESSENTIAL TECHNIQUE IN ANALYTICAL CHEMISTRY,
ENVIRONMENTAL TESTING, AND QUALITY CONTROL. MASTERY OF SUCH CALCULATIONS ENHANCES ONE'S ABILITY TO ANALYZE
UNKNOWN SOLUTIONS ACCURATELY AND SUPPORTS BROADER APPLICATIONS IN SCIENTIFIC RESEARCH AND INDUSTRY.

FINAL THOUGHT

W/HILE THE NUMBERS MAY SEEM STRAIGHTFORWARD, THE UNDERLYING CONCEPTS OF MOLARITY, MOLE RATIOS, AND TITRATION
TECHNIQUES ARE FOUNDATIONAL TO UNDERSTANDING CHEMICAL REACTIONS QUANTITATIVELY. PRACTICE WITH VARIOUS ACIDS
AND BASES, AND ALWAYS PAY CLOSE ATTENTION TO UNITS AND RATIOS, WILL EQUIP YOU WITH THE SKILLS NECESSARY FOR
PRECISE CHEMICAL ANALYSIS.
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