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Abstract
Buffers are the solution that resists pH changes when a small amount of acid or bases are added to the solution. The experiment determines what id the change in pH of the non-buffered solution and buffered solution. None buffered solution changes pH more rapidly than the buffered solution. Buffered solutions have constant pH until the buffer capacity is reached.
Introduction
Weak acid slightly dissociates when added to water to yield H+ and the acid's conjugate base (Hu et al., 2001). The extend of the acid dissociation is calculated by the equilibrium constant.
HX(aq)  H+(aq) + X-(aq)
The X- is known as the conjugate base of the HX.
When weak acid is added to the solution containing its conjugate base, the resultant solution is highly resistant to pH changes when either strong acid or base is added. These kinds of solutions are referred to as buffer solutions. They are widely used in chemistry applications to control the range of change of pH during practical. The ability of buffers is determined by the concentration of the acid and its conjugate base.
The pH of a buffer solution is measured using the Henderson-Hasselbalch equation:
pH = pKa + log ( [base]/[acid])
In this experiment, we will prepare a buffer made up of sodium carbonate (Na2CO3) and sodium hydrogen carbonate (NaHCO3). The buffer system when equilibrium:
HCO3-aq  H+aq + CO3-aq
The CO3- (Na2CO3) is the conjugate base of the HCO3- weak acid (NaHCO3). The Ka of the dissociation equation is 4.7 x 10-11.
Purpose: to determine that buffered solution resists pH change when an acid or base is added.
Material and Method
Beakers
Volumetric flasks
Burette 
Funnel 
pH probes
Graduated cylinders
Pipette 
Analytical balance
Sodium carbonate
Sodium hydrogen carbonate
0.05 M HCl
0.05 M NaOH


Method/Procedure
Buffer preparation
100 ml of buffer solution was prepared using equal volume 0.1M sodium carbonate and the 0.2M sodium hydrogen carbonate. The pH of the buffer solution was measured using a pH probe and found to be 10.0. 
Buffer capacity
Titrate 25.0 ml of the buffer solution with 0.05M HCl until the pH decrease by 1. Record the volume of HCl.
Titrate 25.0 ml of the buffer solution with 0.05M NaOH until the pH decrease by 1. Record the volume of NaOH.
Data and Results
Titration 1
	I
	II
	III

	The final volume (mL)
	20.00
	40.00
	30.00

	Initial volume (ml)
	0.00
	20.00
	10.00

	The volume of HCl used
	20.00
	20.00
	20.00



Average volume of HCl used: (20.00 + 20.10 + 20.00) / 3 = 60.00/3 = 20.00 mL
Moles of HCl used: (0.05 x 0.020) = 0.001 moles
Moles of the buffer used: mole ratio 1:1; hence same moles of buffer reacted
Buffer capacity = (0.001/0.025) = 0.04 mol/L
Titration 2
	I
	II
	III

	The final volume (mL)
	17.50
	35.00
	22.50

	Initial volume (ml)
	0.00
	17.50
	5.00

	The volume of HCl used
	17.50
	17.50
	17.50



Average of NaOH used: (17.50 + 17.50 + 17.50)/ 3 = 52.50/3 = 17.50 mL
Moles of NaOH used: (0.05 x 0.0175) = 0.000875 moles
Moles of the buffer used: mole ratio 1:1 same moles of buffer reacted
Buffer capacity = (0.000875/0.025) = 0.035 mol/L
Discussion
The buffer system has sodium hydrogen carbonate and sodium carbonate. When sodium carbonate and sodium hydrogen carbonate (Bers et al., 2010) is dissolved in water, it dissociates as follows:
Na2CO3 (aq)  2Na+(aq) + CO3-(aq)
NaHCO3 (aq)  Na+(aq) + HCO3-(aq)
The HCO3- is the weak acid, and CO3- is the conjugate base.
When preparing buffer solution, we used Henderson-Hasselbalch (Po & Senozan, 2001) to determine the ratio of weak acid and conjugate base needed. The target pH of the buffer is 10.40
pH = pKa + log([base]/[acid])
10.40 = 10.33+ log ([Na2CO3]/[NaHCO3])
[Na2CO3]/[NaHCO3] = 1.2
The pH of the buffer prepared was found to be 10.0. It did not match the target pH.
The pH of the non-buffered solution of HCl was found to be 1.3, and NaOH was 12.7. When HCl is added to the buffer, the H3O+ reacts with the conjugate base CO3- more undissociated HCO3- is formed. Weak acid increases while the conjugate base decreases from the system. The pH remains relatively constant (Po, & Senozan, 2001). HCl is added to a non-buffered solution; the pH decreases drastically because of an increase in H3O+ in the solution. 20.0 mL of HCl is needed to be added to a buffered solution to attain the same pH as the non-buffered solution (Po, & Senozan, 2001).
When NaOH is added to the buffer system, hydroxonium ions react with the weak acid-forming more of the conjugate base and water. The pH does not change much during the addition of the base. When NaOH is added to a non-buffered solution, pH increases because of the increase in OH- ions. 17.50 mL of NaOH is needed to be added to a buffered solution to attain the same pH as the non-buffered solution. The target pH was not achieved. The ph was wrong, possibly due to an incorrect reading of the volume of the solution. Buffered solution resists pH changes as a small amount of acid or base is added to the solution. When buffer capacity is reached, the pH changes occur rather drastically. None buffered solution does not resist pH change at all as an acid and base are added.
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