
Titrimetry

Titrimetric analysis.

Acid-base titration



Titrimetry

Titrimetry

A method based on determination of the volume of reagent  

reacting stoichiometrically with the analyte

First appeared in XVIII century and did not receive wide acceptance

A + B → C

A – determined compound;

B – added reactant, totally consumed during reaction;  

B is added till the moment when it stops reacting with A.
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Method principle

Measures volume of a titrant at the equivalence point

Titrant is added until all analyte isreacted
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At equivalence point
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After equivalence point
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Back-titration

A + B (excess) → C + B(unreacted)

After reaction ends, concentration of unreacted “B” is determined  

by titrimetry (or any other method)
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Equivalence point

The most important part of titration – to determine equivalence point

Moles of titrant = Veq xCT

where Veq – volume of titrant at equivalence point, L (or mL);

CT – concentration of the titrant, mol/L (or mol/mL)

Equivalence point is determined using:

- indicators (change color at the equivalence point);

- pH measurement;

- electrochemical potential measurement.
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Calculation of analyte concentration

xA + yB → zC

𝐶𝐴× 𝑉𝐴=
𝐶𝐵× 𝑉𝐵× 𝑋

𝑌

where:

CA – concentration of analyte in sample (unknown, determined);

VA – volume of sample (taken by analyst, known);

CB – concentration of titrant (prepared by analyst, known);  

VB – volume of titrant at the equivalence point (determined);  

X and Y – stoichiometric coefficients
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Analytical signal

S = k ∙ C

Volume of titrant (Vt) is the analytical signal

𝒕𝑽 =
𝑨 𝐴𝑪 × 𝑉 × 𝑌

𝐶𝑡× 𝑋

𝑘=  
𝑉𝐴× 𝑌

𝐶𝑡× 𝑋
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Exercise

10 mL of NaOH solution in water with unknown concentration was  

titrated with aqueous solution of HCl (C = 0.200 mol/L). Equivalence  

point was established at the volume of titrant 7.80 mL. What is the  

concentration of NaOH in the analyzed sample?

NaOH + HCl → Na+ + OH- +H2O

𝐶𝑁𝑎𝑂𝐻=
𝐶 × 𝑉 × 𝑋

𝑉𝑁𝑎𝑂𝐻× 𝑌

0.200
𝑚𝑜𝑙

× 7.8𝑚𝐿

10 𝑚𝐿
𝑡 𝑡

= 𝐿 = 0.156 𝑚𝑜𝑙/𝐿

Answer: concentration of NaOH in the analyzed solution is 0.156 mol/L
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Quick task

15 mL of H2SO4 solution in water with unknown concentration was  

titrated with aqueous solution of NaOH (C = 0.200 mol/L).

Equivalence point was established at the volume of titrant 12.20 mL.

What is the concentration of H2SO4 in the analyzed sample?
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Titrant volume measurement: burette
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Titration curve
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Reactions in titrimetry

Acid-base

Redox

Complexation

Precipitation
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Acids-Base Titrimetry

H+ + OH- → H2O

Acid is titrated by base

or

Base is titrated by acid

During acid-base titration, pH slowly changes;

At equivalence point pH rapidly changes.
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Acid-base titration curve
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pH during titration of strong acid

H+ + OH- ↔ H2O

Before equivalence point:

pH = - log [H+] = - log [unreacted HCl]

After equivalence point:

pH = 14+log [OH-] = 14 + log [excess NaOH]

At equivalence point:

[H+] x [OH-] = 10-14; [H+] = [OH-] =10-7  

pH = 7
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pH during titration of weak acid  

by strong base

Before titration

HAc ↔ H+ +Ac -

if C0 = 0.1M, [H+] = 1.32 x 10-3;

pH = - log [H+] =2.88

𝐾𝐴=
[𝐻𝐴𝑐]

𝐻+ 𝐻+× [𝐴𝑐−] × [𝐻+]
=

𝐶0   − [𝐻+]
=  1.75 × 10 − 5

𝐻+𝐹𝑜𝑟 𝑚𝑜𝑠𝑡 𝑤𝑒𝑎𝑘 𝑎𝑐𝑖𝑑𝑠: = 𝐾𝑎𝐶0
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Before an equivalence point

HAc + OH- → Ac - + H2O

𝐻𝐴𝑐 =
𝑚𝑜𝑙𝑒𝑠𝑜𝑓𝑢𝑛𝑟𝑒𝑎𝑐𝑡𝑒𝑑𝐻𝐴𝑐

=
𝐶𝐴× 𝑉𝐴− 𝐶𝐵× 𝑉𝑏

𝑡𝑜𝑡𝑎𝑙𝑣𝑜𝑙𝑢𝑚𝑒 𝑉𝐴+ 𝑉𝐵

𝐾𝑎=
[𝐻+][𝐴𝑐−]

𝐻𝐴𝑐
+→ 𝐻 =

𝐾𝑎𝐻𝐴𝑐

𝐴𝑐−

𝐴𝑐− =  
𝑚𝑜𝑙𝑒𝑠𝑜𝑓𝑁𝑎𝑂𝐻𝑎𝑑𝑑𝑒𝑑

=  
𝐶𝐵× 𝑉𝑏

𝑡𝑜𝑡𝑎𝑙𝑣𝑜𝑙𝑢𝑚𝑒 𝑉𝐴+ 𝑉𝐵

[Ac−]
pH = pKa + log

[HAc]

apH = pK + log
𝑚𝑜𝑙𝑒𝑠𝑜𝑓𝑁𝑎𝑂𝐻𝑎𝑑𝑑𝑒𝑑

𝑚𝑜𝑙𝑒𝑠𝑜𝑓𝑢𝑛𝑟𝑒𝑎𝑐𝑡𝑒𝑑𝐻𝐴𝑐

immediately

reacted
immedia tely

formed
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At and after equivalence point

Ac - + H2O ↔ HAc + OH-

𝐾𝑏=
𝐻𝐴𝑐× [𝑂𝐻− ] 𝑂𝐻− × 𝑂𝐻−  

[𝐴𝑐−]
=  𝐶0 × 𝑉𝐴
𝑉𝐴+ 𝑉𝐵

− 𝑂𝐻−

𝑂𝐻− =
𝐶𝐴× 𝑉𝐴− 𝐶𝐵× 𝑉𝐵

𝑉𝐴+ 𝑉𝐵

𝐾𝑏=
𝐻𝐴𝑐 × [𝑂𝐻−]

[𝐴𝑐−]
=

𝐻𝐴𝑐[𝑂𝐻−][𝐻+]

[𝐴𝑐−][𝐻+]

𝐾𝑤 10−14

=
𝐾𝑎

=
1.75 × 10−5 = 5.71 × 10 − 10

𝐹𝑜𝑟𝑚𝑜𝑠𝑡𝑤𝑒𝑎𝑘𝑏𝑎𝑠𝑒𝑠: 𝑂𝐻− = 𝐾𝑏𝐶0

After an equivalence point, pH will correspond to the concentration  

of excess NaOH.
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pH during titration of weak base  

by strong acid

Before titration

NH4OH ↔ NH4
+ + OH-

𝐾𝑏=
4 =

𝑁𝐻+ × [𝑂𝐻−] 𝑂𝐻− × [𝑂𝐻−]

[𝑁𝐻4𝑂𝐻] 𝐶0 − [𝑂𝐻−]
=  1.76 × 10−5

𝐹𝑜𝑟𝑚𝑜𝑠𝑡𝑤𝑒𝑎𝑘𝑏𝑎𝑠𝑒𝑠: 𝑂𝐻− = 𝐾𝑏𝐶0

if C0 = 0.1M, [OH-] = 1.32 x 10-3;

pOH = - log [OH-] = 2.88  

pH = 14 – pH = 11.12
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Before an equivalence point

NH4OH + H+ ↔ NH4
+ + H2O

4𝑁𝐻 𝑂𝐻 = =
𝑚𝑜𝑙𝑒𝑠𝑜𝑓𝑢𝑛𝑟𝑒𝑎𝑐𝑡𝑒𝑑𝑁𝐻 𝑂𝐻 𝐶4 𝐴 × 𝑉𝐴 𝐵− 𝐶 × 𝑉𝐵

𝑡𝑜𝑡𝑎𝑙𝑣𝑜𝑙𝑢𝑚𝑒 𝑉𝐴+ 𝑉𝐵

𝐾𝑏=
[𝑁𝐻+][𝑂𝐻−]4

𝑁𝐻4𝑂𝐻
→ [𝑂𝐻−] =

𝐾𝑏𝑁𝐻4𝑂𝐻

𝑁𝐻4
+

4𝑁𝐻+ =  
𝑚𝑜𝑙𝑒𝑠𝑜𝑓𝐻𝐶𝑙𝑎𝑑𝑑𝑒𝑑

=  
𝐶𝐵× 𝑉𝐵

𝑡𝑜𝑡𝑎𝑙𝑣𝑜𝑙𝑢𝑚𝑒 𝑉𝐴+ 𝑉𝐵

[𝑁𝐻+]

[𝑁𝐻4OH]
pOH = pKb  + log 4 → pH = 14 - pKb + log

[𝑁𝐻4OH]
+[𝑁𝐻4 ]

immediately

reacted
immedia tely

formed

bpH = 14 - pK + log 4𝑚𝑜𝑙𝑒𝑠𝑜𝑓𝑢𝑛𝑟𝑒𝑎𝑐𝑡𝑒𝑑𝑁𝐻 𝑂𝐻

𝑚𝑜𝑙𝑒𝑠𝑜𝑓𝐻𝐶𝑙𝑎𝑑𝑑𝑒𝑑
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At and after equivalence point

NH4
+ + H2O ↔ NH4OH +H+

𝐾𝑎=
4[𝑁𝐻+]

𝐻+𝑁𝐻4𝑂𝐻 × [𝐻+] × 𝐻+

=  𝐶0 × 𝑉𝐴
𝑉 + 𝑉𝐴 𝐵

− 𝐻+

After equivalence point, pH will correspond to the concentration of

excess HCl.

𝐻+ =
𝐶𝐴× 𝑉𝐴− 𝐶𝐵× 𝑉𝐵

𝑉𝐴+ 𝑉𝐵

𝐾𝑎=
𝑁𝐻4𝑂𝐻 [𝐻+]

4[𝑁𝐻+]
=

𝑁𝐻4𝑂𝐻 [𝐻+] [𝑂𝐻−]

𝑁𝐻+ 𝑂𝐻−

4

𝐾𝑤

𝑏
= =

10−14

𝐾 1.76 × 10 − 5
= 5.68 × 10 − 10

𝐻+𝐹𝑜𝑟𝑚𝑜𝑠𝑡𝑤𝑒𝑎𝑘𝑎𝑐𝑖𝑑𝑠: = 𝐾𝑎𝐶0
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Autotitrator
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