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Name: 
Z Number:
Lab TA’s Name and Section Number:
A statement Accountability: “I certify that this is my own work, and I understand that if I am found to be in violation of the honor code, I will be subject to the highest penalty.”

Summary: Please watch the lecture video, and complete your summary. Do not forget to include: Definition of buffer system, buffer capacity, use of Ka at buffer capacity, equations and titration curves.













YOU MUST SHOW ALL CALCULATIONS TO RECEIVE CREDIT FOR THEM!
PART I. ADDITION OF 0.1M HCL TO BUFFER AND DEIONIZED WATER:
Record the pH for the all solutions given by using virtual lab. 
Show your calculations only for total volume of: 0, 5, 20, 50,100mL
Concentration of buffer: For acetic acid: ____0.0999825M________ 	for acetate: _____0.100017___________

	Volume of HCl
	Total volume of HCl
	Color of solution
	pH meter reading
	Expected pH
(calculated)

	
	
	Buffer
	Water
	Buffer
	Water
	Buffer
	Water

	0
	0
	colorless
	colorless
	4.76
	7
	4.74
	7

	5
	5
	colorless
	colorless
	4.67
	2.04
	4.6536
	2.04

	5
	10
	colorless
	colorless
	4.58
	1.78
	x
	x

	10
	20
	colorless
	colorless
	4.39
	1.54
	4.37
	1.54

	10
	30
	colorless
	colorless
	4.16
	1.43
	x
	x

	20
	50
	colorless
	colorless
	2.88
	1.30
	2.79
	1.30

	50
	100
	colorless
	colorless
	1.59
	1.18
	1.48
	1.18



CALCULATIONS MUST BE SHOWN IN YOUR LABORATORY NOTEBOOK OR ON A SEPARATE SHEET TO ACCOMPANY THIS  TABLE.
Calculations
pKa of acetic acid is 4.74 (since Ka = 1.8) so pKa = log(1.8)
when 0 ml of HCl will be added in buffer solution, it will have a pH of 4.74. Same will be the case on addition of NaOH
Now, we shall calculate the pH for the given cases
For 5 ml, 
we added 5.0 mL of 1.0M HCl to the original buffer solution. Since HCl is a strong acid, it dissociates completely. 
Thus, we can calculate the number of moles of H+, knowing that there is one mole of H+ in one mole of dissociated HCl. 1.0M × 0.005L = 0.005 moles of HCl = 0.005 moles of H+.
Water at normal concentration have a pH of 7. So when no acid will be mixed it will have pH of 7.
	
	
	H+ from HCl
	CH3COO-
	CH3COOH
	+ H2O

	Initial moles
		5ml

	20

	50

	100



		(0.1)(0.005L)))
=0.0005 
moles

	(0.1)(0.020L)))
=0.002 
moles

	(0.1)(0.05L)))
=0.005 
moles

	(0.1)(0.1L)))
=0.01 
moles



		(0.050)
(0.100)
=0.005

	(0.050)
(0.100)
=0.005

	(0.050)
(0.100)
=0.005

	(0.050)
(0.100)
=0.005



		(0.05)
(0.099)
=0.004995

	(0.05)
(0.099)
=0.004995

	(0.05)
(0.099)
=0.004995

	(0.05)
(0.099)
=0.004995



		

	

	

	




	change
		5ml

	20

	50

	100



		-0.0005

	-0.002 
-0.005 

	-0.005

	



		-0.0005

	-0.002 
-0.005

	-0.005

	

	



		+0.0005

	+0.002 
+0.005

	+0.005

	

	



		

	

	

	

	




	Final moles
		5ml

	20

	50

	100



		0

	0

	0

	0.005

	



		0.0045

	0.003

	0.00

	0.00

	



		0.00549

	0.00695

	0.009995

	0.009995

	



		

	

	

	

	




	Final conc
		5ml

	20

	50

	100



		0

	0

	0

	0.033

	



		0.0818

	0.042

	0

	0

	



		0.0998

	0.0992

	0.0995

	0.0666

	



		

	

	

	

	




	pH=
pKa+
log[acetate]/
 [acetic acid].
Since it is after 
buffer
For 50 and 100
We will take 
pH=-log[H+]
		5 ml

	20

	50


	100



		4.6536

	4.37

	2.79

	1.48







To calculate pH of water along with acid we will have to take pH as – log [H+].
Distilled water has hydrogen ion concentration of  M.
For 5 ml of HCl, 
Molarity of HCl in solution will be 0.1X5=55XM
M=0.009M
Or pH = -log [ ]=2.04
For 20 ml,
Molarity of HCl in solution will be 0.1X20=70XM
M=0.028M
Or pH = -log [ ]=1.54
For 50 ml,
Molarity of HCl in solution will be 0.1X50=100XM
M=0.05M
Or pH = -log [ ]=1.30

For 100 ml,
Molarity of HCl in solution will be 0.1X100=150XM
M=0.066666M
Or pH = -log [ ]=1.18




















Record the pH for the all solutions given by using virtual lab. 
Show your calculations only for total volume of: 0, 5, 20, 50,100mL

Part II. ADDITION OF 0.1M NAOH TO BUFFER AND DEIONIZED WATER:
	Volume of NaOH
	Total volume NaOH

	Color of solution
	pH meter reading
	Expected pH
(calculated)

	
	
	Buffer
	Water
	Buffer
	Water
	Buffer
	Water

	0
	0
	colorless
	colorless
	4.76
	7
	4.74
	7

	5
	5
	colorless
	colorless
	4.84
	11.95
	4.822
	11.96

	5
	10
	colorless
	colorless
	4.93
	12.22
	x
	x

	10
	20
	colorless
	colorless
	5.13
	12.45
	5.11
	12.46

	10
	30
	colorless
	colorless
	5.36
	12.57
	x
	x

	20
	50
	colorless
	colorless
	8.87
	12.69
	8.81
	12.70

	50
	100
	colorless
	colorless
	12.52
	12.82
	12.49
	12.82




CALCULATIONS MUST BE SHOWN IN YOUR LABORATORY NOTEBOOK OR ON A SEPARATE SHEET TO ACCOMPANY THIS  TABLE

CALCULATIONS:
	
	
	OH- from NaOH
	CH3COOH 
	CH3COO-
	+ H2O

	Initial moles
		5ml

	20

	50

	100



		(0.1)(0.005L)))
=0.0005 
moles

	(0.1)(0.020L)))
=0.002 
moles

	(0.1)(0.05L)))
=0.005 
moles

	(0.1)(0.1L)))
=0.01 
moles



		(0.050)
(0.099)
=0.004995

	(0.05)
(0.099)
=0.004995

	(0.05)
(0.099)
=0.004995

	(0.05)
(0.099)
=0.004995



		(0.050)
(0.100)
=0.005

	(0.050)
(0.100)
=0.005

	(0.050)
(0.100)
=0.005

	(0.050)
(0.100)
=0.005



		

	

	

	




	change
		5ml

	20

	50

	100



		-0.0005

	-0.002 
-0.005 

	-0.005

	



		-0.0005

	-0.002 
-0.005

	-0.005

	

	



		+0.0005

	+0.002 
+0.005

	+0.005

	

	



		

	

	

	

	




	Final moles
		5ml

	20

	50

	100



		0

	0

	0

	0.005

	



		0.004495

	0.002295

	0.00

	0.00

	



		0.0055

	0.007

	0.01

	0.01

	



		

	

	

	

	




	Final conc
		5ml

	20

	50

	100



		0

	0

	0

	0.033

	



		0.0817

	0.042

	0

	0

	



		0.0998

	0.0992

	0.0995

	0.0666

	



		

	

	

	

	




	pH=
pKa+
log[acetate]/
 [acetic acid].
Since it is after 
buffer
For 50 and 100
We will take 
pOH=-log [OH-]
pH = 14-pOH
		5 ml

	20

	50


	100



		4.822

	5.11

	8.81

	12.49












To calculate pH of water along with acid we will have to take pOH as – log [OH-].
Then, pH = 14-pOH
Distilled water has hydrogen ion concentration of  M.
For 5 ml of NaOH, 
Molarity of NaOH, in solution will be 0.1X5=55XM
M=0.009M
Or pOH = -log [ ]=2.04
pH=14-2.04=11.96
For 20 ml of NaOH,
Molarity of NaOH, in solution will be 0.1X20=70XM
M=0.028M
Or pOH = -log [ ]=1.54
pH = 14-1.54 = 12.46
For 50 ml of NaOH,
Molarity of NaOH, in solution will be 0.1X50=100XM
M=0.05M
Or pOH = -log [ ]=1.30
pH =12.7

For 100 ml of NaOH,
Molarity of NaOH, in solution will be 0.1X100=150XM
M=0.066666M
Or pOH = -log [ ]=1.18
pH= 12.82














EXCEL GRAPH: pH versus volume of added acid to distilled water and to a buffer solution and pH versus volume of added base to distilled water and to a buffer solution. (Make sure to write title, label x and y axis with units.
[image: ] 
ALONG Y AXIS – H RANGE
ALONG X AXIS- VOLUME OF HCL ADDED
[image: ]
ALONG Y AXIS - H RANGE, ALONG X AXIS – VOLUME OF NOH ADDED
Orange line – pH of Water, Blue line – pH of Buffer












RESULTS AND DISCUSSIONS

1)Buffer System - A buffer system is a solution that resists a change in pH when acids or bases are added to it.  It contains either a weak acid and its conjugate base or a weak base and its conjugate acid.


2)  Buffer Capacity - is defined as the moles of an acid or base necessary to change the pH of a solution by 1. A buffer resists changes in pH due to the addition of an acid or base though consumption of the buffer.

3)Use of Ka at buffer capacity - A buffer works best when there is the same amount of weak acid/base and its conjugate. If you look at the Henderson Hassel Balch equation, and set the concentration of the weak acid/base equal to each other, pH=pKa. So, Ka helps us in calculation of pH of the buffer solution.

The titration curves can be clearly seen in the excel graph attached above.
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