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INTRODUCTION
Titration involves mixing measured volumes of reacting solutions in such a manner that one can determine when chemically equivalent amounts of reactants are mixed. The purpose of titration is to determine the concentration of a solute in a solution and in analysis of soluble solid unknown acids. 
To determine the equivalent point of a titration, the point at which stoichiometric amounts of reactants have mixed should be noted. To achieve this, in acid-base titrations, phenolphthalein is often used as an indicator.
Objectives
The purpose of this experiment involves performing titration to determine the concentration of a solute in a solution and analysis of soluble solid unknown acids.
Equipment and Reagents
i. Burette
ii. Pipette
iii. NaOH
iv. KHP
v. Phenolphthalein
vi. 50ml beaker.
SUMMARY OF THE PROCEDURE
The experiment involved preparing an approximately 0.1 M of NaOH solution, followed by standardization of the NaOH solution by using the pure solid monoprotic acid standard, potassium hydrogen phthalate (KHP) and then determining NaOH molarity. The next stepped involved determining the percent by mass of KHP in an impure sample and then determining the mass of a solid acid unknown that neutralizes one mole of hydroxide ion.
Observation 
Phenolphthalein indicator turns pink color as the neutralization (equivalence) point is passed.







DATA, SAMPLE CALCULATIONS AND RESULTS
SECTION 1 ANALYSIS
Part A
NaOH solution was prepared by Josh
	Molar Mass of KHP(g/mol)
	204.23

	Molar mass of NaOH(g/mol)
	40 


Part B
Number of moles = 
Molarity = 
KHP (aq) + NaOH (L) = KNaP(aq) + H2O(L) 
Mole ratio = 1:1
	Mass of KHP
	0.5209
	0.4810
	0.5003

	Moles of KHP
	  = 2.55*10-3
	= 2.355*10-3
	= 2.45*10-3



Moles of KHP = Moles of NaOH
	
	Trial 1
	Trial 2
	Trial 3

	Mass of KHP (g)
	0.5209
	0.4810
	0.5003

	Initial Buret Reading (m L)
	0.00
	1.05
	0.20

	Final Buret Reading (m L)
	25.75
	25.60
	23.10

	Volume of NaOH  (m L)
	(25.75 – 0) = 25.75
	(25.60 – 1.05) = 
24.55
	(23.10 – 0.2) = 22.9

	Molarity of NaOH (M) = 
	 =9.903
* 10-5M
	 = 9.593 
* 10-5M
	 = 1.070 
* 10-4 M	

	Average Molarity of NaOH (M)
	   = 1.006 * 10-4M



Part C
KHP(aq) +  NaOH(L)  = KNaP(aq) + H2O(L) 
Mole ratio = 1:1
Moles of solute = Molarity * Litres of solution
Moles of NaOH used = Moles of KHP
	Volume of NaOH
	31.55 mL
	34.7 mL
	34.60mL

	Moles of NaOH
	9.903 * 10-5 * 31.55 = 
3.124*10-3 moles
	9.593  * 10-5* 34.7 = 
3.3288* 10-3
	1.070  * 10-4* 34.60 = 3.7022*10-3


	
Mass = Moles * Molar mass
	
	Trial 1
	Trial 2
	Trial 3

	Mass of Unknown KHP (g)
	0.9542
	1.120
	1.0384

	Initial Buret Reading (m L)
	0.00
	1.05
	0.20

	Final Buret Reading (m L)
	31.55
	35.75
	34.80

	Volume of NaOH  (m L)
	(31.55 – 0) = 31.55
	(35.75 – 1.05) = 
34.7
	(34.80 – 0.2) = 34.60

	Mass of KHP in unknown (g)
Mass = Moles * Molar mass

	3.124*10-3 *204.23 = 0.6380
	3.3288* 10-3 * 204.23=
 0.6798
	3.7022*10-3 * 204.23 =
0.7561

	Percentage of KHP in unknown
= * 100%
	 
=  66.86%
	
=  60.70%
	
=  72.82%

	Average percentage of KHP in unknown
	  = 66.79%



Part D
	Volume of NaOH
	25.92
	 25.45
	26.10

	Moles of NaOH
	9.903 * 10-5 * 25.92 = 
2.567*10-3 moles
	9.593  * 10-5* 25.45 = 
2.441* 10-3
	1.070  * 10-4* 26.10 = 2.793*10-3



KHP (aq) + NaOH(L)  = KNaP(aq) + H2O(L) 
Mole ratio = 1:1
One mole of acid reacts with 1 molw of NaOH
	
	Trial 1
	Trial 2
	Trial 3

	Mass of Unknown KHP (g)
	0.1352
	0.1374
	0.1403

	Initial Buret Reading (m L)
	0.06
	1.14
	0.23

	Final Buret Reading (m L)
	25.98
	26.59
	26.33

	Volume of NaOH  (m L)
	(25.98 – 0.06) = 
25.92
	(26.59 – 1.14) = 
25.45
	(26.33– 0.23) = 26.10

	Equivalent Mass of unknown (g)
Mass = Moles * Molar mass of NaOH

	2.567*10-3  * 40  =  0.1027
	2.441* 10-3 * 40    = 0.09764
	2.793*10-3* 40 
= 0.1117

	Percentage of KHP in unknown
= * 100%
	 
=  75.96%
	
=  71.06%
	
=  79.62%

	Average percentage of KHP in unknown
	  = 75.55%




SECTION 2 ANALYSIS
Part A
NaOH solution was prepared by Josh
	Molar Mass of KHP(g/mol)
	204.23

	Molar mass of NaOH(g/mol)
	40 



Part B
Number of moles = 
Molarity = 
KHP(aq) +  NaOH(L)  = KNaP(aq) + H2O(L) 
Mole ratio = 1:1
Moles of KHP = Moles of NaOH
	Mass of KHP
	0.5209
	0.4810
	0.5003

	Moles of NaOH 
	  = 2.55*10-3
	= 2.355*10-3
	= 2.45*10-3



	
	Trial 1
	Trial 2
	Trial 3

	Mass of KHP (g)
	0.5209
	0.4810
	0.5003

	Initial Buret Reading (m L)
	0.00
	1.05
	0.20

	Final Buret Reading (m L)
	25.75
	25.60
	23.10

	Volume of NaOH  (m L)
	(25.75 – 0) = 25.75
	(25.60 – 1.05) = 
24.55
	(23.10 – 0.2) = 22.9

	Molarity of NaOH (M) = 
	 =9.903
* 10-5M
	 = 9.593 
* 10-5M
	 = 1.070 
* 10-4 M

	Average Molarity of NaOH (M)
	   = 1.006 * 10-4M



Part C
KHP(aq) +  NaOH(L)  = KNaP(aq) + H2O(L) 
Mole ratio = 1:1
Moles of solute = Molarity * Liters of solution
Moles of NaOH used = Moles of KHP
	Volume of NaOH
	25.75
	 24.55
	22.9

	Moles of NaOH
	9.903 * 10-5 * 25.75 = 
2.550*10-3 moles
	9.593  * 10-5* 24.55 = 
2.3555* 10-3
	1.070  * 10-4* 22.9 = 2.450*10-3


	
Mass = Moles * Molar mass
	
	Trial 1
	Trial 2
	Trial 3

	Mass of Unknown KHP (g)
	1.2004
	1.120
	1.0384

	Initial Buret Reading (m L)
	0.00
	1.05
	0.20

	Final Buret Reading (m L)
	25.75
	25.60
	23.10

	Volume of NaOH  (m L)
	(25.75 – 0) = 25.75
	(25.60 – 1.05) = 
24.55
	(23.10 – 0.2) = 22.9

	Mass of KHP in unknown (g)
Mass = Moles * Molar mass

	2.550*10-3 * 204.23 =
 0.5208
	2.3555* 10-3 * 204.23=
 0.4811
	2.450*10-3 * 204.23 =
0.5003

	Percentage of KHP in unknown
= * 100%
	 
=  43.385%
	
=  42.95%
	
=  48.18%

	Average percentage of KHP in unknown
	  = 44.84%



Part D
	Volume of NaOH
	22.74
	25.53
	23.06

	Moles of NaOH
	9.903 * 10-5 * 22.74= 
2.252*10-3 moles
	9.593  * 10-5* 25.53= 
2.449* 10-3
	1.070  * 10-4* 23.06= 2.467*10-3



KHP(aq) +  NaOH(L)  = KNaP(aq) + H2O(L) 
Mole ratio = 1:1
One mole of acid reacts with 1 mol of NaOH
	
	Trial 1
	Trial 2
	Trial 3

	Mass of Unknown KHP (g)
	0.3421
	0.4061
	0.3872

	Initial Buret Reading (m L)
	0.03
	0.07
	0.04

	Final Buret Reading (m L)
	22.77
	25.60
	23.10

	Volume of NaOH  (m L)
	(22.77 – 0.03) = 
22.74
	(25.60 – 0.07) = 
25.53
	(23.10– 0.04) = 23.06

	Equivalent Mass of unknown (g)
Mass = Moles * Molar mass of NaOH

	2.252*10-3 * 40  =  0.09008
	2.449* 10-3* 40    = 0.09796
	2.467*10-3* 40 
= 0.09868

	Percentage of KHP in unknown
= * 100%
	 
=  28.65%
	
=  24.12%
	
=  25.49%

	Average percentage of KHP in unknown
	  = 26.087%



SECTION 3 ANALYSIS
Part A
NaOH solution was prepared by Josh
	Molar Mass of KHP(g/mol)
	204.23

	Molar mass of NaOH(g/mol)
	40 



Part B
KHP(aq) +  NaOH(L)  = KNaP(aq) + H2O(L) 
Mole ratio = 1:1
Moles of KHP = Moles of NaOH
	Mass of KHP
	0.5209
	0.4810
	0.5003

	Moles of NaOH 
	  = 2.55*10-3
	= 2.355*10-3
	= 2.45*10-3



	
	Trial 1
	Trial 2
	Trial 3

	Mass of KHP (g)
	0.5209
	0.4810
	0.5003

	Initial Buret Reading (m L)
	0.00
	1.05
	0.20

	Final Buret Reading (m L)
	25.75
	25.60
	23.10

	Volume of NaOH  (m L)
	(25.75 – 0) = 25.75
	(25.60 – 1.05) = 
24.55
	(23.10 – 0.2) = 22.9

	Molarity of NaOH (M) = 
	 =9.903
* 10-5M
	 = 9.593 
* 10-5M
	 = 1.070 
* 10-4 M

	Average Molarity of NaOH (M)
	   = 1.006 * 10-4M



Part C
KHP(aq) +  NaOH(L)  = KnaP(aq) + H2O(L) 
Mole ratio = 1:1
Moles of solute = Molarity * Liters of solution
Moles of NaOH used = Moles of KHP

	Volume of NaOH
	28.75
	27.81
	29.6

	Moles of NaOH
	0.002847113
	0.002754024
	0.002931288

	 
	 
	 
	 

	
	
	
	

	 
	Trial 1
	Trial 2
	Trial 3

	Mass of Unknown KHP (g)
	1.156
	1.12
	1.334

	Initial Buret Reading (m L)
	0
	0.04
	0.2

	Final Buret Reading (m L)
	28.75
	27.85
	29.8

	Volume of NaOH  (m L)
	28.75
	27.81
	29.6

	
	
	
	

	Mass of KHP in unknown (g) Mass = Moles * Molar mass
	0.581465786
	0.562454383
	0.598656948

	Percentage of KHP in unknown = Mass 0f KHP in unknown* 100%/ mass of unknown KHP
	50%
	50%
	45%

	Average percentage of KHP in unknown= sum of % of KHP in unknown/ 3
	48%




Part D
KHP(aq) +  NaOH(L)  = KnaP(aq) + H2O(L) 
Mole ratio = 1:1
One mole of acid reacts with 1 mol of NaOH
	Volume of NaOH
	25.92
	24.35
	23.18

	Moles of NaOH
	0.002566858
	0.00241138
	0.002296

	 
	 
	 
	 

	
	
	
	

	 
	Trial 1
	Trial 2
	Trial 3

	Mass of Unknown KHP (g)
	0.5209
	0.481
	0.5003

	Initial Buret Reading (m L)
	0.06
	1.14
	0.23

	Final Buret Reading (m L)
	25.98
	25.49
	23.41

	Volume of NaOH  (m L)
	25.92
	24.35
	23.18

	
	
	
	

	Equivalent mass of unknown (g) Mass = Moles * Molar mass of NaOH
	0.102674304
	0.09645522
	0.091821

	Percentage of KHP in unknown = Mass 0f KHP in unknown* 100%/ mass of unknown KHP
	20%
	20%
	18%

	Average percentage of KHP in unknown= sum of % of KHP in unknown/ 3
	19%



SECTION 4 ANALYSIS
Part A
NaOH solution was prepared by Josh
	Molar Mass of KHP(g/mol)
	204.23

	Molar mass of NaOH(g/mol)
	40 



Part B
KHP(aq) +  NaOH(L)  = KnaP(aq) + H2O(L) 
Mole ratio = 1:1
Moles of KHP = Moles of NaOH
	Mass of KHP
	0.5209
	0.4810
	0.5003

	Moles of NaOH 
	  = 2.55*10-3
	= 2.355*10-3
	= 2.45*10-3



	
	Trial 1
	Trial 2
	Trial 3

	Mass of KHP (g)
	0.5209
	0.4810
	0.5003

	Initial Buret Reading (m L)
	0.00
	1.05
	0.20

	Final Buret Reading (m L)
	25.75
	25.60
	23.10

	Volume of NaOH  (m L)
	(25.75 – 0) = 25.75
	(25.60 – 1.05) = 
24.55
	(23.10 – 0.2) = 22.9

	Molarity of NaOH (M) = 
	 =9.903
* 10-5M
	 = 9.593 
* 10-5M
	 = 1.070 
* 10-4 M

	Average Molarity of NaOH (M)
	   = 1.006 * 10-4M



Part C
	Volume of NaOH
	25.75
	24.55
	26.9

	Moles of NaOH
	0.002550023
	0.002431187
	0.002663907

	 
	 
	 
	 

	
	
	
	

	 
	Trial 1
	Trial 2
	Trial 3

	Mass of Unknown KHP (g)
	0.9761
	0.8942
	0.981

	Initial Buret Reading (m L)
	0
	1.05
	0.2

	Final Buret Reading (m L)
	25.75
	25.6
	27.1

	Volume of NaOH  (m L)
	25.75
	24.55
	26.9

	
	
	
	

	Mass of KHP in unknown (g) Mass = Moles * Molar mass
	0.520791095
	0.496521219
	0.544049727

	Percentage of KHP in unknown = Mass 0f KHP in unknown* 100%/ mass of unknown KHP
	53%
	56%
	55%

	Average percentage of KHP in unknown= sum of % of KHP in unknown/ 3
	55%



Part D
KHP(aq) +  NaOH(L)  = KnaP(aq) + H2O(L) 
Mole ratio = 1:1
One mole of acid reacts with 1 mol of NaOH
	Volume of NaOH
	35.6
	35.54
	35.62

	Moles of NaOH
	0.003525468
	0.00351953
	0.003527

	 
	 
	 
	 

	
	
	
	

	 
	Trial 1
	Trial 2
	Trial 3

	Mass of Unknown KHP (g)
	0.6753
	0.6571
	0.666

	Initial Buret Reading (m L)
	0.02
	0.07
	0.01

	Final Buret Reading (m L)
	35.62
	35.61
	35.63

	Volume of NaOH  (m L)
	35.6
	35.54
	35.62

	
	
	
	

	Equivalent mass of unknown (g) Mass = Moles * Molar mass of NaOH
	0.14101872
	0.14078105
	0.141098

	Percentage of KHP in unknown = Mass 0f KHP in unknown* 100%/ mass of unknown KHP
	21%
	21%
	21%

	Average percentage of KHP in unknown= sum of % of KHP in unknown/ 3
	21%



SECTION 5 ANALYSIS
Part A
NaOH solution was prepared by Josh
	Molar Mass of KHP(g/mol)
	204.23

	Molar mass of NaOH(g/mol)
	40 



Part B
KHP(aq) +  NaOH(L)  = KnaP(aq) + H2O(L) 
Mole ratio = 1:1
Moles of KHP = Moles of NaOH
	Mass of KHP
	0.5209
	0.4810
	0.5003

	Moles of NaOH 
	  = 2.55*10-3
	= 2.355*10-3
	= 2.45*10-3



	
	Trial 1
	Trial 2
	Trial 3

	Mass of KHP (g)
	0.5209
	0.4810
	0.5003

	Initial Buret Reading (m L)
	0.00
	1.05
	0.20

	Final Buret Reading (m L)
	25.75
	25.60
	23.10

	Volume of NaOH  (m L)
	(25.75 – 0) = 25.75
	(25.60 – 1.05) = 
24.55
	(23.10 – 0.2) = 22.9

	Molarity of NaOH (M) = 
	 =9.903
* 10-5M
	 = 9.593 
* 10-5M
	 = 1.070 
* 10-4 M

	Average Molarity of NaOH (M)
	   = 1.006 * 10-4M



Part C
	Volume of NaOH
	25.75
	26.5
	28.9

	Moles of NaOH
	0.002550023
	0.002624295
	0.002861967

	 
	 
	 
	 

	
	
	
	

	 
	Trial 1
	Trial 2
	Trial 3

	Mass of Unknown KHP (g)
	0.8945
	0.9004
	1.0384

	Initial Buret Reading (m L)
	0
	1.05
	0.2

	Final Buret Reading (m L)
	25.75
	27.55
	29.1

	Volume of NaOH  (m L)
	25.75
	26.5
	28.9

	
	
	
	

	Mass of KHP in unknown (g) Mass = Moles * Molar mass
	0.520791095
	0.535959768
	0.58449952

	Percentage of KHP in unknown = Mass 0f KHP in unknown* 100%/ mass of unknown KHP
	58%
	60%
	56%

	Average percentage of KHP in unknown= sum of % of KHP in unknown/ 3
	58%



Part D
KHP(aq) +  NaOH(L)  = KnaP(aq) + H2O(L) 
Mole ratio = 1:1
One mole of acid reacts with 1 mol of NaOH
	Volume of NaOH
	31.58
	31.45
	32.86

	Moles of NaOH
	0.003127367
	0.00311449
	0.003254

	 
	 
	 
	 

	
	
	
	

	 
	Trial 1
	Trial 2
	Trial 3

	Mass of Unknown KHP (g)
	0.2245
	0.2308
	0.2211

	Initial Buret Reading (m L)
	0.06
	0.62
	0.01

	 Final Buret Reading (m L)
	31.64
	32.07
	32.87

	Volume of NaOH  (m L)
	31.58
	31.45
	32.86

	
	
	
	

	Equivalent mass of unknown (g) Mass = Moles * Molar mass of NaOH
	0.125094696
	0.12457974
	0.130165

	Percentage of KHP in unknown = Mass 0f KHP in unknown* 100%/ mass of unknown KHP
	56%
	54%
	59%

	Average percentage of KHP in unknown= sum of % of KHP in unknown/ 3
	56%



ERROR DISCUSSION
Systematic error is defined as a consistent/ repeatable error which is associated with a faulty equipment. For instance, an inaccurately calibrated instrument or using instrument incorrectly. Systematic errors will affect the accuracy of the experiment since it leads to a shift of value being measured.
Random errors comes from unpredictable events causing one of the values to differ from the next resulting in statistical fluctuations of measured data. Random errors affects the precision of the experiment and slightly, the accuracy of the experiment. Some examples of random errors that would occur in an experiment are, the change in temperature conditions, a person accidentally took incorrect result.
Accuracy is defined as the degree at which the result of a given measurement or calculations tend to conform to the correct standard.
Precision is defined as the degree of the closeness of two or more measurements to each other.
The accuracy of the results of this experiment vary slightly .For instance, in part C of section 4 a sample of unknown mass of KHP is 0.9761 and the KHP that takes part in reaction (pure KHP) is 0.520791095 , pure sample is about 0.5209 so the percentage error reported here is::* 100% = 0.0191%,  
Precision on the other, vary greatly in this experiment, for instance in part D of Section 5 analysis, the masses of unknown KHP and measured volumes of NaOH, vary greatly from one trial to the next by about a figure of 0.5. This shows that there are more random errors than systematic in this experiment caused by uncontrollable conditions like change in temperatures.





CONCLUSION
From the above analysis one can notice that the more the amount of unknown impure KHP, the less the percentage of pure KHP used in the neutralization process. It can also be noted, there are more random errors than systematic, evident by the variations in precisions of given trials.





