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Response: Here is the step-by-step solution to the problem:

Step-by-Step Calculation

1. Initial State of the Buffer

Weak acid concentration ( ): 

Sodium salt concentration ( ): 

Dissociation constant ( ): 

Using the Henderson-Hasselbalch equation:

2. Final pH After Adding Acid

Adding extra acid makes the solution more acidic, so the pH will decrease by :

3. Moles in the Initial  Buffer Solution

Initial volume ( ): 

Moles of acid ( ): 

Moles of conjugate base ( ): 

4. Moles of Added Weak Acid

Let  be the volume of  weak acid added.

Moles of added acid ( ): 

Total moles of weak acid in the mixture ( ):

[HA] ​0 0.10 mol dm−3

[A ] ​

−
0 0.10 mol dm−3

K ​a 1.00 × 10  mol dm−5 −3

pK ​ =a − log ​(1.00 ×10 10 ) =−5 5.0

pH = pK ​ +a log ​ ​10 (
[HA]
[A ]−

)

pH ​ =initial 5.0 + log ​ ​ =10 (
0.10
0.10) 5.0

1 unit

pH ​ =final 5.0 − 1.0 = 4.0

10.00 cm3

V ​0 10.00 cm =3 0.010 dm3

n ​HA,0 0.10 mol dm ×−3 0.010 dm =3 1.0 × 10  mol−3

n ​, 0A− 0.10 mol dm ×−3 0.010 dm =3 1.0 × 10  mol−3

V  (in cm )3 1.00 mol dm−3

n ​added 1.00 × ​ =1000
V 10 V  mol−3

n ​HA,total
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The amount of conjugate base (  ) remains unchanged:

5. Calculate Added Volume ( )

Using the Henderson-Hasselbalch equation for the final state:

Conclusion

Volume of weak acid to add: 

New pH value: 

Correct Option: (1) 

n ​ =HA,total 1.0 × 10 +−3 10 V =−3 10 (1 +−3 V ) mol

n ​A−

n ​ =A− 1.0 × 10  mol−3

V

pH ​ =final pK ​ +a log ​ ​10 (
n ​HA,total

n ​A−
)

4.0 = 5.0 + log ​ ​10 (
10 (1 + V )−3

1.0 × 10−3

)

−1.0 = log ​ ​10 (
1 + V

1 )

10 =−1
​ ⟹

1 + V

1
​ =

10
1

1 + V

1

1 + V = 10 ⟹ V = 9.00 cm3

9.00 cm3

4.0

9.00 cm , 4.03


