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Titration of 25.0 mL H3POg4-solution (with unknown concentration) with 0.110
mol/L NaOH(aq). The first equivalence point is reached after adding 26.4 mL ——
NaOH. 0_110mo?rL

1. Calculate the original H3PO4-concentration.
2. Calculate the pH at the start of the titration (0 mL added).

3. Calculate the pH at the first equivalence point.

25.0 mL
4. Which volume of NaOH(aq) must be added to reach the second equivalence H3PO4(aq)

point.

5. Calculate the pH at the second equivalence point.

Solutions

Reaction 1: 1 H3PO4(aq) + 1 NaOH(aq) —® H,0 + NaH,P04(aq)

1. Atthe first EP the total amount of H3PO4 has reacted and is converted into NaH,POg.

_ I _
26.4 mL 0.110 mol/L NaOH(aq) contains 26.4x10 31x0.110 $:2.90x10 3 mol of NaOH.

So the original H3PO4-solution also contained 2.90><10_3 mol of H3POg4.
2.90x10~> mol mol

The unknown H3PO4-concentration was —3:0.116 —_—
25.0x10 " L

2. Atthe start we have a H3POg4-solution 0.116 mol/L.
H3POQy is a rather weak acid, partially reacting with water:
H3POy4 =—— H+ + H2PO4_

The second step can be neglected!

mol/L H3PO, H H,PO,
Before reaction 0.116 0 0
A -X +X +X
After reaction 0.116 —x X X
[H*JX[HZPOL{J ,
. = =7.5%x10"
H3PO4 [H3PO4 |
2
X _75x1073
0.116 — x

x2 +7.5x103x-8.7x10* =0
x=0.026



mol/L HOAc H OAc
After reaction 0.090 0.026 0.026

pH = -log 0.026 = 1.59.

3. After adding 26.4 mL NaOH (first EP), containing 26.4x103Lx0.110 mTC’I:Z.9O><1073 mol of

NaOH:
mole H3POg4 NaOH NaH;PO4
Before reaction 2.90x10 "> 2.90x10 > 0
A ~2.90x10™ ~2.90x10 > +2.90x10"
After reaction 0 0 2.90x10 >

(Na')H,P0O, : salt, containing the ampholyte H,PO, .

1 !
pH:E(pKa +pKa)

1

=—| pK, _ tpK,
2 H,POy H3PO,,
1

=—=| PKg, +pKg,

H3PO, H3PO,
1
:5(7'21+2'12)

=4.67

If we add more NaOH when reaction 1

1 H3POg4(aq) + 1 NaOH(aq) —® H,0 + NaH,;P0g4(aq)

is completed, reaction 2

1 NaH,POq4 (aq) + 1 NaOH(aq) —® H,0 + NayHPO4(aq)

will occur.
If we need 26.4 mL of NaOH to complete reaction 1, we will need an extra 26.4 mL to complete

reaction 2.
So we will reach the second EP after adding 52.8 mL of NaOH.

5. Atthe second EP, the original amount of 2.90><1O_3 mol of H3PO4 will be converted into
- 2- . . 2-
2.90x10 : mol of (Na+)2HPO4 . This salt contains the ampholyte HPO,~ .

1 1
pH=5(pKa +pKa)
1
==|PKg . +pK,
2 HPO HoPOy

=—| PKog +pKg,
H3PO, H3PO,

=%(12.65+7.21)

=9.93



