
Chapter 14 
 

Principles of Neutralization Titration 
 



Neutralization titrations are widely used to determine the amounts of acids and 
bases. In addition, neutralization titrations can be used to monitor the progress of 
reactions that produce or consume hydrogen ions.  
In clinical chemistry, for example, pancreatitis can be diagnosed by measuring the 
activity of serum lipase. Lipases hydrolyze the long-chain fatty acid triglyceride. 

The reaction is allowed to proceed for a certain 
amount of time, and then the liberated fatty acid 
is titrated with NaOH using a phenolphthalein 
indicator or a pH meter.  
 
The amount of fatty acid produced in a fixed time is 
related to the lipase activity (see Chapter 30).  
 
The entire procedure can be automated with an 
automatic titrator such as that shown here. 
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14A  Solutions and Indicators for Acid/base Titrations 

14A-1  Standard Solutions 

The standard solutions used in neutralization titrations are strong acids or strong 
bases because these substances react more completely with an analyte than do 
weak acids and bases, and as a result, they produce sharper end points.  
 
Standard solutions of acids are prepared by diluting concentrated hydrochloric 
(HCl), perchloric(HClO4), or sulfuric acid(H2SO4). Nitric acid is seldom used 
because its oxidizing properties offer the potential for undesirable side reactions. 
Hot concentrated perchloric and sulfuric acids are potent oxidizing agents and 
are very hazardous. Fortunately, cold dilute solutions of these reagents are safe to 
use in the analytical laboratory without any special precautions other than eye 
protection. 
 
Standard solutions of bases are usually prepared from solid sodium(NaOH), 
potassium(KOH),and occasionally barium hydroxides. Again, always use eye 
protection when handling dilute solutions of these reagents. 
 
Weak acids and bases are never used as standard reagents because they react 
incompletely with analytes. 



  Primary standards  for standardizing   

     Acids      Potassium acid phthalate 

                    Sulfamic acid  ( H2NSO3H)  

                    HCl 

                    Potassium hydrogen iodate 

 

     Bases      TRIS(hydroxymethylaminomethane) 

                    Sodium carbonate 

                    Borax (= sodium tetraborate ) 

                    HgO   
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14A-2  Acid/base Indicators 

Acid color: 

Base color: 



Methyl violet 
(0.0 ~ 1.6) 

Chlorophenol red 
(4.8~6.7) 

 1   2  3  4  5  6  7  8  9 10 11 12 

Bromophenol blue 
(3.0 ~ 4.6) 

Methyl orange 
(3.2 ~ 4.4) 

Bromocresol green 
(3.8 ~ 5.4) 

Alizarin red 
(4.6 ~ 6.0) 

Bromothymol 
(6.0 ~ 7.0) 

m-Cresol purple 
(7.4 ~ 9.0) 

Thymol blue 
(8.0 ~ 9.2) 

Phenolphthalein 
(8.0 ~ 10.0) 

o-Cresolphthalein 
(8.2 ~ 9.8) 

Thymolphthalein 
(8.8 ~ 10.5) 

Color Plate 8    Acid/Base  indicators and their transition pH ranges. 



Choosing an indicator 

The calculated pH titration curve for the 
 titration of 10.00ml of 0.1000M Na2CO3 
with 0.1000M HCl. 

  

Phenolphthalein 

acid form : 

colorless 

Phenolphthalein 

base form : 

pink 

transition 
range(pH): 

8.0~9.0 

Volume of 0.1000M HCl (ml) 
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Figure 14-1 Color change and molecular 
modes for phenolphthalein. 
(a) Acidic form after hydrolysis of the 
lactone form. (b) Basic form. 7 



■  Titration Errors with Acid/Base Indicators 

 1) Equivalence point와 indicator 변색되는 pH가 다를 경우 →지시약을 바꾸거나 
blank correction 하여 최소화 함 

 2) indeterminate erro: Indicator의 색변화를 재현성 있게 구분할 수 있는 눈의 능력
에 따른 오차 → 비슷한 양의 지시약이 들어있는 reference standard와 색을 비교    

■  Variables That Influence the Behavior of Indicators 

• Color change is influenced by temperature, ionic strength 
organic solvent, colloidal particle. Transition range also can 
be shifted in some cases. 

We find two types of titration error in acid/base titrations. The first is a 
determinate error that occurs when the pH at which the indicator changes 
color differs from the pH at the equivalence point.  



14B  Titration of Strong Acids and Strong Bases 



14B-1  Titrating a Strong Acid with Strong Base 

• 적정액의 부피에 따른 pH를 이용하여 Hypothetical titration curves를 
계산 →experimental titration curves와 비교 

• 다음의 세 영역에서 pH 계산 

1) Preequivalence : acidic, 반응하지 않고 남은 산의 농도계산  

2) Equivalence: neutral, Kw로 부터 pH 계산 

3) Postequivalence : basic, 중화 후 남은 과량의 염기용액 농도 계산  
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■  The Effect of Concentration 

■  Choosing an Indicator 

• 진한농도(0.1M NaOH, curve A): 당량점에서 
pH 변화가 큼 

• 묽은농도(0.01M NaOH, curve B): 당량점에서 
pH 변화가 작으나 분명함 

Fig. 14-3) 

• 진한농도(0.1M NaOH, curve A): 세가지 지시약 모두 사용가능 

• 묽은농도(0.01M NaOH, curve B): PT, BCG 부적합, BTB적합 

PT 

BTB 

BCG 



14B-2  Titrating a Strong Base with Strong Acid 

Titrating a Strong Acid with Strong Base와 유사하게 pH 계산 

 
다음의 세 영역에서 pH 계산 
 
 • Preequivalence : basic, 중화되고 남은 염기의 농도계산  
 
 • Equivalence: neutral, Kw로 부터 pH 계산 
 
 • Postequivalence : acidic, 중화 후 남은 과량의 산용액 농도 계산 
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Figure 14-4  Titration curves for NaOH with HCl. 

A. 50.0 mL of 0.0500 M NaOH with 0.1000 M HCl. 

B. 50.00 mL of 0.00500 M NaOH with 0.0100 M HCl. 
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14C  Titration Curves for Weak Acids 
Four distinctly different types of calculations are needed to compute values for a 
weak acid (or a weak base) titration curve: 
 
1. At the beginning, the solution contains only a weak acid or a weak base, and 
the pH is calculated from the concentration of that solute and its dissociation 
constant. 
 
2.  After various increments of titrant have been added (up to, but not 
including, the equivalence point), the solution consists of a series of buffers. 
The pH of each buffer can be calculated from the analytical concentrations of 
the conjugate base or acid and the concentrations of the weak acid or base that 
remains. 
 
3. At the equivalence point, the solution contains only the conjugate of the 
weak acid or base being titrated (that is, a salt), and the pH is calculated from 
the concentration of this product. 
 
4. Beyond the equivalence point, the excess of strong acid or base titrant 
suppresses the acidic or basic character of the reaction product to such an extent 
that the pH is governed largely by the concentration of the excess titrant. 22 
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