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INTRODUCTION TO ACID-BASE TITRATION AND ACETIC ACID

TITRATION IS A FUNDAMENTAL LABORATORY TECHNIQUE USED TO DETERMINE THE CONCENTRATION OF AN UNKNOWN SOLUTION
BY REACTING IT WITH A SOLUTION OF KNOWN CONCENTRATION. W/HEN DEALING WITH WEAK ACIDS LIKE ACETIC ACID
(CH3COOH), UNDERSTANDING THE PROPERTIES SUCH AS THE ACID DISSOCIATION CONSTANT (KA) BECOMES ESSENTIAL TO
ANALYZE THE TITRATION PROCESS ACCURATELY.

IN THIS ARTICLE, WE EXPLORE THE TITRATION ofF 50.0 ML ofF 0.100 M aceTIc ACID wiITH 0.200 M sSobluM HYDROXIDE
(NAOH), FOCUSING ON CALCULATING THE PH AT VARIOUS STAGES, DETERMINING THE EQUIVALENCE POINT, AND UNDERSTANDING
THE SIGNIFICANCE OF THE ACID DISSOCIATION CONSTANT (KA) OF ACETIC ACID. THIS COMPREHENSIVE ANALYSIS PROVIDES

INSIGHTS VALUABLE FOR CHEMISTRY STUDENTS, EDUCATORS, AND LABORATORY PRACTITIONERS INTERESTED IN ACID-BASE
EQUILIBRIA.

UNDERSTANDING ACETIC ACID AND |ITS PROPERTIES

WHAT IS ACETIC AcCID?

AceTic Acib (CH;COOH) IS A WEAK, MONOPROTIC ACID COMMONLY FOUND IN VINEGAR, WHERE IT IMPARTS THE SOUR TASTE
AND PUNGENT SMELL. |TS CHEMICAL STRUCTURE CONSISTS OF A METHYL GROUP ATTACHED TO A CARBOXYL GROUP, WHICH IS
RESPONSIBLE FOR ITS ACIDIC PROPERTIES.

WHY Is KA IMPORTANT?

THE ACID DISSOCIATION CONSTANT, KA, QUANTIFIES THE STRENGTH OF AN ACID IN SOLUTION. |T DESCRIBES THE EQUILIBRIUM
BETWEEN THE UNDISSOCIATED ACID AND ITS IONS:

\[ \texT{CH}_3\1exT{COOH} \riGHTLEFTHARPOONS \TEXT{H}"+ + \TexT{CH} 3\Text{COO}"-\]

THE KA VALUE INFLUENCES THE PH OF THE SOLUTION AND THE TITRATION CURVE'S SHAPE. FOR ACETIC ACID, KA IS
APPROXIMATELY \( 1.8 \TiMes 10"{-5} \), INDICATING IT IS A WEAK ACID THAT DOES NOT FULLY DISSOCIATE IN WATER.



DETAILS OF THE TITRATION PROCESS

INITIAL CONDITIONS

- VOLUME OF ACETIC ACID soLuTIoN: 50.0 ML
- CONCENTRATION OF ACETIC ACID: 0.100 M
- CoNCENTRATION oF NAOH: 0.200 M

THE INITIAL MOLES OF ACETIC ACID:

\[
N_{acip} = C_{acio} \TiMes V_{acip} = 0.100\, \Text{moL/L} \TimMes 0.050\, \texT{L} = 0.005)\, \texT{moL}

\]

THE INITIAL MOLES OF NAOH ADDED DEPEND ON THE VOLUME TITRATED, BUT AT THIS STAGE, NONE HAS BEEN ADDED.

CALCULATING THE VoLUME oF NAOH ReQUIRED TO REACH THE EQUIVALENCE POINT

SINCE ACETIC ACID IS MONOPROTIC, EACH MOLE REACTS WITH ONE MOLE OF NAOH:

\[
\TexT{CH}_3\1exT{COOH} + \TexT{NAOH} \ricHTARROW \TEXT{CH} 3\TeExT{COONA} + \TexT{H} 2\TexT{O}

\]

THE voLUME oF NAOH NEEDED TO NEUTRALIZE ALL ACETIC ACID:

\[

V_{NAOH} = \rrac{n_{aciD}}{C_{NaOH}} = \rrac{0.005\, \TexT{MoL}}{0.200\, \TexT{moL/L}} = 0.025),
\text{L} = 25.0\, \TexT{mL}

\]

THus, AT 25.0 ML oF NAOH ADDED, THE TITRATION REACHES THE EQUIVALENCE POINT.

UNDERSTANDING THE TITRATION CURVE AND PH CALCULATIONS

THE TITRATION CURVE OF ACETIC ACID WITH NAOH EXHIBITS CHARACTERISTIC FEATURES: INITIAL PH, GRADUAL INCREASE
DURING ADDITION, A SHARP RISE AT THE EQUIVALENCE POINT, AND A FINAL PH DETERMINED BY EXCESS BASE.

INITIAL PH OF THE ACETIC ACID SOLUTION

USING THE KA EXPRESSION:

\[
K_a = \rRAc{[\TexT{H}*+][\TexT{CH} 3\TexT{COO}"*-]}{[\TexT{CH} 3\TexT{COOH}]}
\]



ASSUMING INITIAL DISSOCIATION IS SMALL, THE INITIAL CONCENTRATION OF \([\TexT{H}"+]\):

\[

N\rexT{H}"*+] = \sQrT{K_a \TiMes C_{acip}} = \sQrT{1.8 \TiMes 10"{-5} \TiMes 0.100} \approx 1.34 \TIMeS
107{-3}\, \text{M}

\]

CALCULATING INITIAL PH:

\[
PH = -\Loc [\TexT{H}"+] \apProx -\LoG (1.34 \TiMes 10"{-33}) \arProx 2.87

\]

PH AT VARIOUS POINTS DURING TITRATION

- BEFORE THE EQUIVALENCE POINT: THE PH IS DETERMINED BY THE REMAINING ACETIC ACID AND THE HYDROLYSIS OF ITS
CONJUGATE BASE.

- AT HALF-EQUIVALENCE PoINT: THE PH EQUALS THE PKA (BY HENDERSON-HASSELBALCH EQUATION).

- AT THE EQUIVALENCE POINT: THE SOLUTION CONTAINS ONLY SODIUM ACETATE, A WEAK BASE, SO THE PH IS ABOVE 7.
- BEyonp EQUIVALENCE: ExCESS NAOH DOMINATES, AND PH INCREASES SHARPLY.

CALCULATING PH AT THE HALF-EQUIVALENCE POINT

AT HALF-WEAK ACID TITRATION, HALF OF THE ACETIC ACID HAS BEEN NEUTRALIZED:

\[
V_{HaLr} = \rrac{V_{equivaLence}}{2} = \rrac{25\, \TexT{ML}}{2} = 12.5\, \texT{mL}
\]

NUMBER OF MOLES OF ACETIC ACID REMAINING:

\[
N_{reMAINING} = N_{AciD} - N_{NAOH} = 0.005\, \Text{moL} - (0.200\, \Text{moL/L} \TiMes 0.0125\, \texT{L})
= 0.005\, \Text{moL} - 0.0025\, \TexT{moL} = 0.0025\, \texT{moL}

\]

CONCENTRATION OF REMAINING ACETIC ACID:

\[
C_{remaining} = \rrac{0.0025\, \TexT{moL}}{0.0125\, \text{L}} = 0.200\, \Text{M}

\]

BuT MORrE STRAIGHTFORWARDLY, AT HALF-EQUIVALENCE, THE PH EQUALS PKA:

\[
PH=PK_ A =-\LoG (1.8 \TiMes 10°{-53}) \aprrox 4.74

\]



DETERMINING THE PH AT THE EQUIVALENCE POINT

AT THE EQUIVALENCE POINT, ALL ACETIC ACID HAS BEEN CONVERTED TO SODIUM ACETATE (CH;COONA), WHICH IS A WEAK
BASE. | TS HYDROLYSIS AFFECTS THE PH:

\[

\TexT{CH}_3\1exT{COO}"- + \1exT{H} 2\TexT{O3} \riGHTLEFTHARPOONS \TEXT{CH} 3\TeEXT{COOH} +
\TexT{OH}"-

\]

THE HYDROLYSIS CONSTANT \(K_8\):

\[
K &= \rRAc{K w}{K A} =\rrac{1.0 \TiMes 107{-1433{1.8 \1iMes 10"{-5}} \approx 5.56 \TiMes 10"{-103}

\]

CONCENTRATION OF ACETATE AT THE EQUIVALENCE POINT:

\[

C_{aceTaTe} = \rrac{N_{AciD}}{V_{ToTAL}} = \rRAC{0.005\, \TexT{MoL}}{0.050\, \TexT{L} + 0.025),
\TexT{L}} = \rrac{0.0053}{0.075} \approx 0.0667\, \TexT{M}

\]

HYDROLYSIS OF ACETATE:

\[
K & = \rRAc{[\TexT{OH}"-]"2}{C_{AceTATE}}
\]

\[
\TexT{OH}"-] = \sQrT{K_B \TiMes C_{aceTATE}} = \sQrT{5.56 \TiMes 10™{-10} \TiMes 0.0667} \approx 6.09

\TiMes 107{-63}\, \TexT{M}
\]

pOH:

\[
POH = -\LoG [\TexT{OH}"-] \ APPrOX 5.22
\]

PH:
\[

PH= 14 - POH \ArPPrOX 8.78
\]

THUS/ AT THE EQUIVALENCE POINT, THE SOLUTION IS SLIGHTLY BASIC WITH PH ArRounD 8.78.

SIGNIFICANCE OF THE KA OF ACETIC ACID IN TITRATION

UNDERSTANDING THE KA OF ACETIC ACID IS FUNDAMENTAL IN PREDICTING THE BEHAVIOR OF THE TITRATION. |T INFLUENCES:

- THE INITIAL PH OF THE ACETIC ACID SOLUTION.
- THE PH AT THE HALF-EQUIVALENCE POINT (\WHICH EQUALS PKA).



- THE SHAPE OF THE TITRATION CURVE, ESPECIALLY THE BUFFER REGION.
- THE PH AT THE EQUIVALENCE POINT, WHICH IS

FREQUENTLY ASkeD QUESTIONS

\WHAT IS THE INITIAL MOLES oF ACETIC ACID IN 50.0 ML ofF 0.100 M soLuTION?

THE INITIAL MOLES OF ACETIC ACID ARE CALCULATED As 0.100 mMoL/L x 0.050 L = 0.005 moL.

How MANY MoLES oF NAOH ARE NEEDED TO COMPLETELY NEUTRALIZE 50.0 ML oF
0.100 M AceTIC ACID?

SINCE ACETIC ACID IS A WEAK ACID, IT REACTS 1:1 wITH NAOH; THUS, 0.005 MoL oF NAOH ARE NEEDED, WHICH
corresponDs To 0.005 moL / 0.200 moL/L = 0.025 L or 25 ML.

WHAT IS THE PH OF THE SOLUTION AFTER ADDING 25 ML oF NAOH TO THE ACETIC
ACID?

AT THIS POINT, THE ACID IS COMPLETELY NEUTRALIZED, AND THE SOLUTION CONTAINS ONLY WATER AND SODIUM ACETATE,
WHICH FORMS A BASIC SOLUTION. THE PH CAN BE CALCULATED FROM THE HYDROLYSIS OF ACETATE IONS, APPROXIMATELY PH
~ 8.7.

How cAN THE KA OF ACETIC ACID BE DETERMINED FROM THE TITRATION DATA?

BY ANALYZING THE PH AT THE HALF-EQUIVALENCE POINT, WHERE MOLES OF ACID EQUAL MOLES OF BASE, THE PKA CAN BE
FOUND AS PKA = PH AT HALF-EQUIVALENCE, WHICH THEN GIVES KA = T0”(-PKA).

WHAT IS THE SIGNIFICANCE OF THE EQUIVALENCE POINT IN THIS TITRATION?

THE EQUIVALENCE POINT IS WHERE THE AMOUNT OF NAOH ADDED EQUALS THE INITIAL AMOUNT OF ACETIC ACID, RESULTING IN
COMPLETE NEUTRALIZATION AND A SHARP CHANGE IN PH, TYPICALLY AROUND PH 8.7 FOR ACETIC ACID TITRATIONS.

How poES THE KA OF ACETIC ACID INFLUENCE THE SHAPE OF THE TITRATION CURVEP

THE KA DETERMINES THE ACID STRENGTH; A SMALLER KA RESULTS IN A HIGHER PH AT THE EQUIVALENCE POINT AND A MORE
GRADUAL TITRATION CURVE, WHILE A LARGER KA RESULTS IN A STEEPER CURVE.

\WHAT IS THE EXPECTED PH AT THE START OF THE TITRATION BEFORE ANY NAOH Is
ADDED?

THE INITIAL PH CAN BE CALCULATED FROM THE ACETIC ACID CONCENTRATION USING THE EXPRESSION FOR WEAK ACIDS: PH &
2.87.

AT THE HALF-EQUIVALENCE POINT ;, WHAT IS THE RELATIONSHIP BETWEEN PH AND PKA?

AT HALF-EQUIVALENCE, PH EQUALS PKA BECAUSE THE CONCENTRATIONS OF ACETIC ACID AND ACETATE ARE EQUAL, ALLOWING
DIRECT DETERMINATION OF KA FROM THE PH.

\WHY IS UNDERSTANDING THE KA OF ACETIC ACID IMPORTANT IN TITRATION ANALYSIS?

KNOWING THE KA HELPS PREDICT THE PH BEHAVIOR DURING TITRATION, INTERPRET THE TITRATION CURVE, AND ACCURATELY



DETERMINE THE CONCENTRATION OF UNKNOWN ACIDS OR BASES.

ADDITIONAL RESOURCES

50.0 ML oF 0.700 M AceTic Acip (CH;COOH (AQ)) 1s TITRATED WITH 0.200 M NAOH (AQ). THE KA OF ACETIC ACID
— THIS SCENARIO OFFERS A CLASSIC EXAMPLE OF ACID-BASE TITRATION, ILLUSTRATING KEY CONCEPTS IN CHEMISTRY SUCH AS
MOLARITY, STOICHIOMETRY, PH CALCULATIONS, AND ACID DISSOCIATION CONSTANTS. \WHETHER YOU'RE A STUDENT
PREPARING FOR EXAMS OR A PROFESSIONAL SEEKING A REFRESHER, UNDERSTANDING THIS TITRATION PROCESS PROVIDES
FOUNDATIONAL INSIGHT INTO HOW ACIDS AND BASES INTERACT IN AQUEOUS SOLUTIONS. THIS GUIDE WILL WALK YOU
THROUGH THE DETAILED STEPS INVOLVED IN ANALYZING THIS TITRATION, FROM INITIAL SETUP TO CALCULATING THE PH AT
VARIOUS POINTS, INCLUDING THE EQUIVALENCE POINT, AND UNDERSTANDING THE SIGNIFICANCE OF THE ACID DISSOCIATION
consTANT (KA).

UNDERSTANDING THE BASIcs: ACETIC ACID AND SODIUM HYDROXIDE
BEFORE DIVING INTO CALCULATIONS, IT’S ESSENTIAL TO UNDERSTAND THE PROPERTIES OF THE SUBSTANCES INVOLVED:

- AceTic Acib (CH,COOH): A WEAK ACID WITH A KNOWN KA OF APPROXIMATELY 1.8 x 1075 AT 25°C. ITS WEAK ACID
NATURE MEANS IT DOES NOT FULLY DISSOCIATE IN WATER, ESTABLISHING AN EQUILIBRIUM BETWEEN UNDISSOCIATED ACETIC ACID
AND ITS IONS.

- Sobium Hyproxipe (NAOH): A STRONG BASE THAT DISSOCIATES COMPLETELY IN WATER, PROVIDING HYDROXIDE IONS
(OH™) reADILY.

THE TITRATION SETUP
INITIAL CONCENTRATIONS AND VOLUMES:

- AceTic Acip: 50.0 ML orF 0.100 M soLUTION
- SobluM Hyproxibe: 0.200 M soLUTION

KEY CONCEPT: THE TITRATION INVOLVES GRADUALLY ADDING NAOH TO THE ACETIC ACID SOLUTION UNTIL THE ACID IS
NEUTRALIZED. THE GOAL IS TO ANALYZE THE PH AT VARIOUS STAGES, ESPECIALLY AT THE EQUIVALENCE POINT WHERE THE
ACID IS COMPLETELY NEUTRALIZED.

STep 1: CALCULATING MOLES oF ACETIC AcCID

DETERMINE THE INITIAL MOLES OF ACETIC ACID:

\l

\TexT{MoLes oF aceTic acip} = \TexT{MoLArITY} \TiMes \TexT{VoLuMe (N LITers)} = 0.100\, \TexT{moL/L} \TiMeS
0.050\, \Tex7{L} = 0.005\, \TexT{mMoL}
\]

STeP 2: DETERMINING THE VoLUME oF NAOH NEeepeD To REACH EQUIVALENCE POINT

SINCE NAOH IS A STRONG BASE AND ACETIC ACID IS A WEAK ACID, THE REACTION CAN BE WRITTEN AS:

\[
\MATHRM{CH_3COOH + OH"- \riGHTARROW CH_3COO"- + H_20}

\]

THE MOLAR RATIO IS 1:1. THEREFORE,



\l

\TexT{VoLuMe of NAOH} = \rrac{\TexT{MoLes oF aceTic AciD}}{\TeEXT{CoNCENTRATION OF NAOH}} =
\Frac{0.005\, \TexT{mMoL}}{0.200\, \texT{moL/L}} = 0.025\, \texT{L} = 25.0\, \TexT{ML}
\]

THis MEANS ADDING 25.0 ML oF 0.200 M NAOH WILL NEUTRALIZE ALL ACETIC ACID, REACHING THE EQUIVALENCE POINT.

STep 3: TITRATION CURVE AND PH CALCULATIONS AT KeEY PoINTS

A TITRATION CURVE PLOTS PH AGAINST THE VOLUME OF TITRANT ADDED. CRITICAL POINTS INCLUDE:
- INITIAL PH (BEFORE TITRANT ADDITION)

- HALF-EQUIVALENCE POINT

- EQUIVALENCE POINT

- POST-EQUIVALENCE POINT

EACH OF THESE POINTS OFFERS INSIGHTS INTO THE SOLUTION’S PROPERTIES.

INITIAL PH OF THE ACETIC ACID SOLUTION
CALCULATE THE INITIAL PH oF THE 0.100 M ACETIC ACID:

SINCE ACETIC ACID IS A WEAK ACID, WE USE THE ACID DISSOCIATION CONSTANT (KA)I

\[
\MATHRM{CH_3COOH} \LerTrIGHTARROW \MATHRM{H"+} + \MATHRM{CH_3COO"-}

\]

THE DISSOCIATION EQUILIBRIUM:

\[
K_a = \rRAc{[\MATHRM{H"+3}][\MATHRM{CH_3COO"-}]}{[\MATHRM{CH_3COOH}]}

ASSUMING INITIAL CONCENTRATION:

- INITIAL CONCENTRATION OF ACETIC ACID: 0.100 M
- LeT \(x\) Be THE coNCENTRATION of \(AMATHRM{H"+}\) AT EQUILIBRIUM.

SET UP THE EXPRESSION:

\[
K_a=\rrac{x"23}{0.100 - x} \approx \Frac{x"23}{0.100}
\]

(assuMiNG \(x\) Is sMALL RELATIVE To 0.100 M)

SoLve For \(x\):

\[
x*2 =K_a\TiMes 0.100 = 1.8 \TiMes 107{-5} \TiMes 0.100 = 1.8 \1iMes 107°{-6}

\]

\[
x = \sQrT{1.8 \TiMes 10°{-6}} \aprrox 1.34 \TiMes 10"{-3}\, \TexT{M}



\]

CALCULATE INITIAL PH:

\[
\MATHRM{PH} = -\LoG [\MATHRM{H"+}] = -\LoG (1.34 \TiMes 10"{-3}) \aprrox 2.87

\]

STeP 4: PH AT THE HALF-EQUIVALENCE POINT
THE HALF-EQUIVALENCE POINT OCCURS WHEN HALF THE ACID HAS BEEN NEUTRALIZED. AT THIS STAGE:

- MoLEes oF ACETIC ACID ReMAINING \(= 0.0025)\, \TexT{mMoL}\)
- MoLes oF AceTATE \(= 0.0025)\, \text{moL}\)

KEY PROPERTY: AT THE HALF-EQUIVALENCE POINT, \(\AMATHRM{PH} = \MATHRM{P}K_A\)

\[
\MATHRM{P}K A =-\Loc K_A =-\Loc (1.8 \TiMes 10"{-5}) \aprrox 4.74

\]

THus,

\l

\soxep{\MaTHrRM{PH} \APPrROX 4.7 4}

\]

THIS IS A CRUCIAL POINT IN THE TITRATION CURVE, REPRESENTING THE BUFFER REGION WHERE THE SOLUTION CONTAINS
SIGNIFICANT AMOUNTS OF BOTH ACETIC ACID AND ACETATE IONS.

STeP 5: PH AT THE EQUIVALENCE POINT

AT THE EQUIVALENCE POINT, ALL ACETIC ACID HAS BEEN CONVERTED INTO ACETATE IoNS (\(A\MATHRM{CH_3COO"-}\)).
THE SOLUTION NOW CONTAINS THE CONJUGATE BASE OF ACETIC ACID, WHICH AFFECTS THE PH DUE TO HYDROLYSIS.

HYDROLYSIS OF ACETATE:

\[
\MATHRM{CH_3COO"- + H_20} \LerTrIGHTARROW \MATHRM{CH_3COOH} + \MATHRM{OH"-}

\]

THE EQUILIBRIUM CONSTANT FOR THIS BASE HYDROLYSIS:

\[
K B =\rRAC{K w}{K A} =\rrac{1.0 \TiMes 107{-1433{1.8 \TiMes 10"{-5}} \aprrox 5.56 \TiMes 10"{-103}

\]

CALCULATE THE HYDROXIDE ION CONCENTRATION:

- MOLES OF ACETATE AT EQUIVALENCE: 0.005 MoL
- ToTAL voLUME: INITIAL 50.0 ML + Appep 25.0 ML = 75.0 ML (0.075 L)

CONCENTRATION OF ACETATE:

\[



[\MATHRM{CH_3COO"-}] = \rrac{0.005\, \TexT{MoL}}{0.075\, \TexT{L}} \ApPrOXx 0.0667\, \TexT{M}
\]

SET UP HYDROLYSIS EQUILIBRIUM:

\[
K_& = \rRAC{[\MATHRM{OH"-}]" 2 H{[\MATHRM{CH_3COO"-}]}

\]

LeT \(x\) Be THE coNceNTRATION ofF \(AMATHRM{OH"-}\) PrRODUCED:

\[

x"2 =K_B \TiMes [\MaTHRM{CH_3COO"-}] = 5.56 \1iMes 10"{-10} \1iMes 0.0667 \approx 3.7 1 \TIMeS
107M-11}

\]

\[

x = \sQrT{3.71 \1iMes 10°{-113} \aprrox 6.09 \TiMes 10"{-63\, \TexT{M}

\]

CALcULATE POH:

\[
\MATHRM{POH} = -\LoG x \approx -\LoG (6.09 \TiMes 107{-63) \apProX 5.22
\]

CALCULATE PH:

\[
\MATHRM{PH} = 14 - \MATHRM{POH} \APPrROX 14 - 5.22 = 8.78
\]

THUS/ THE PH AT THE EQUIVALENCE POINT IS APPROXIMATELY 878, INDICATING A SLIGHTLY BASIC SOLUTION DUE TO THE
HYDROLYSIS OF ACETATE IONS.

STeP 6: PosT-EQUIVALENCE PH

ADDING EXCESS NAOH INCREASES THE PH FURTHER:

- For exaMPLE, ADDING 30 ML oF NACH (ExXTRA 5 ML BEYOND THE EQUIVALENCE POINT):

ToTAL voLume: 80 ML (0.080 L)

MoLes oF NAOH apbpep: \(0.200\, \text{moL/L} \TiMes 0.030\, \Text{L} = 0.006\, \TexT{moL}\)
MoLEes oF excess NAOH:

\[
0.006\, \Text{moL} - 0.005\, \TexT{moL} = 0.001\, \TexT{moL}
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