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Pre- Lab Questions
1. Define the following terms
Acid
Acid is defined as the proton donor or any substance dissociating in water to give out hydrogen ions as the only cation (Kulik, 2010).
Base
The base is defined as the proton acceptor or the substance which dissociates in the water giving hydroxide ions as the only anions (Kulik, 2010).
Buffer
A buffer is considered to be that particular solution that can resist pH change after adding more acidic or essential solutions.
d. Equivalence Point
This is a point in Titration whereby the titrant's amount becomes enough for complete neutralization of the analytic solution used (Persat, 2009).
What is Ka
It is a constant used to represent the acid dissociation equilibrium constant of an acid (Persat, 2009).

pH
pH refers to the degree of a given solution's acidity or basicity (Persat, 2009).
Titration
Titration refers to the technique used to solve a given concentration to determine the concentration of another solution whose attention is unknown.
2. Explain why the pH at the equivalence point of an equilibrium acid (aka weak acid) is always greater than tepid water with a pH= 7.
The pH at the equivalence point of an equilibrium acid is always greater than seven because the last group of the acid added before the solution attains its equilibrium is a base; thus, the answer becomes more of command; therefore, the pH becomes more than 7.
3. A student weighs out 0.2500 g of an unknown diprotic acid and uses 30.00 mL of 0.1000 M NaOH to reach the second equivalence point in titrating this acid. Show your calculations to determine the molecular weight of this acid.
X2Y (aq) + 2NaOH (aq) → Na2Y (aq) + 2H2O (l)
The mole ratio of the reaction of X2Y (aq) + 2NaOH (aq) is 1:2, respectively (Diewok, 2012).
Moles of the NaOH = 301000 x 0.100
Moles of the NaOH = 0.003 moles
Thus the number of acid from the mole ratio become
Moles of the unknown diprotic acid = 0.003 ÷ 2
Moles of the unknown diprotic acid = 0.0015 moles 
Thus the molecular weight of the unknown diprotic acid = moles x mass of the acid
Molecular weight of the unknown diprotic acid = 0.0015 x 0.25
Thus the molecular weight of the unknown diprotic acid = 0.000375


Titration of an unknown solid equilibrium acids
Introduction
Titration refers to the technique used to solve a given concentration to determine the concentration of another solution whose attention is unknown. The equilibrium, which is also called the Equivalence Point, is a point in Titration whereby the amount of the titrant used becomes enough for complete neutralization of the analytic solution used (Diewok, 2012). An indicator refers to any substance that gives a visible sign, primarily color change in the presence or absence of an acid or presence or absence of a base. During Titration, a base and an acid are used to complete the process. An indicator is used to determine when the equilibrium is attained during the process of Titration. Thus Titration of an unknown solid MONOPROTIC equilibrium acid and new solid DIPROTIC equilibrium acid with a strong base.

Materials and requirements
50-mL burette, stirring bar or stirring rod, empty, clean beakers, LabPro Interface, one buret clamp, pH electrode, ring stand, one utility clamp, Phenolphthalein indicator solution, wash bottle, distilled water, Solid acid new, Computer, 0.100 M NaOH solution, and a magnetic stirrer.
Titration of an unknown solid MONOPROTIC equilibrium acid with a strong base
Procedure
The LoggerPro software with the pH probe in channel A was set. The file under computers with the Chemistry acid-base titration was opened. It was ensured that the axes were well labeled with the Y-axis containing the pH scale from 0 to 14 pH units and the X-axis having the Volume ranging from 0 to 50 mL. The pH probe was then tested using the distilled water, which gave a decent reading of approximately 7.0. An unknown MONOPROTIC acid was then selected from the list, which was provided. The amount which was indicated for the chose a new MONOPROTIC acid was then weighed. The weighed unknown MONOPROTIC acid was then placed into a 50 mL of distilled water in a 250 mL beaker. Two drops of the phenolphthalein indicator solution were then added to the unknown acid solution/mixture (Kulik, 2010). The indicator was expected to turn pink once all of the acids have been neutralized. A 50 mL burette was then obtained, rinsed with a few drops of 0.1 M sodium hydroxide solution, and then rinse was then disposed of. The burette was then clamped in the ring stand using a burette stand, as shown by the figure below. The burette was then filled with 0.1 M sodium hydroxide up to the 0.00 mL level mark. The precise concentration of the NaOH was then recorded in the lab data book table. The beaker which contained the unknown acid was then added enough distilled water to submerge the exposed tip of the pH probe, and the pH of the solution formed was then recorded.

The setup
[image: ]


The beaker and its contents were then placed in a magnetic stirrer, and a stirring bar or stirring rod was added (Kulik, 2010). A utility clamp was used to attach the pH electrode to the ring stand, as shown in Figure 2. The pH electrode was positioned in the acid solution and adjusted not to be struck by the stirring bar. The collect button was clicked, and the pH was then monitored for about 5 to 10 seconds. The pH was expected to stabilize. After the pH stabilization, then the STORE or KEEP button was then clicked. The Computer was then able to hold the pH values as it awaits recording the burette reading. The enter key was then pressed to store the data point recorded, making the experiment's first data pair saved. 
The titration process was then started, and the actual volumes of each addition were accurately measured at every moment a pH was measured. About 0.5 mL of NaOH was added until the pH increased faster and then slowed down. The NaOH solution's addition was continued until the solution's pH slowly changed or leveled off to approximately 11. The pH at the point when the solution turned pink was then recorded. The file was then stored int5o a disc for reference, and the graph obtained from the data recorded was then printed. All the beaker contents were then discarded, and the beaker was rinsed with a lot of water. The molecular weight of the unknown acid was then calculated from the data collected. The new acid from the data given was then calculated when the concentration of the acid used is considered half the attention of its conjugate base and halfway to the equivalence point. The molecular values and the Ka values of the unknown acids were compared, and the comparisons were used to identify the acids.

Results
Data collected
	Latest: Volume (mL)
	Latest: pH
	Latest: d1 (pH/vol)
	Latest: d2 (d1/vol)

	2
	2.695767
	0.013154
	0.02526
	

	2.5
	2.697699
	0.028634
	0.008587
	

	3
	2.727501
	0.027013
	-0.01277
	

	3.55
	2.730537
	0.010118
	-0.01674
	

	4
	2.732745
	0.007049
	-0.00437
	

	4.5
	2.737436
	0.008024
	0.002306
	

	5
	2.740747
	0.009612
	0.005143
	

	5.5
	2.746266
	0.013614
	0.005447
	

	6
	2.755097
	0.015545
	0.003564
	

	6.5
	2.76172
	0.016971
	0.002108
	

	7
	2.772206
	0.017569
	0.002146
	

	7.5
	2.779657
	0.018167
	0.005695
	

	8
	2.788763
	0.02364
	0.008263
	

	8.5
	2.804492
	0.026859
	0.008953
	

	9
	2.814703
	0.032379
	0.009318
	

	9.5
	2.837055
	0.036932
	0.008107
	

	10
	2.852784
	0.039259
	0.010416
	

	10.5
	2.873757
	0.047979
	0.011623
	

	11.5
	2.925636
	0.055264
	0.01557
	

	12
	2.954059
	0.070754
	0.021431
	

	12.5
	2.999591
	0.080118
	0.009796
	

	13
	3.034638
	0.084442
	-0.02022
	

	13.5
	3.084033
	0.059293
	-0.03439
	

	14
	3.122943
	0.032756
	-0.00671
	

	145
	3.167647
	0.106998
	0.016565
	

	15
	3.228633
	0.042706
	0.024925
	

	15.3
	3.28134
	0.112925
	0.121911
	

	15.6
	3.330735
	0.152541
	0.084557
	

	15.9
	3.370197
	0.15668
	0.034788
	

	16.2
	3.422352
	0.172088
	0.007857
	

	16.5
	3.478922
	0.159976
	0.007941
	

	16.8
	3.515348
	0.167642
	0.052724
	

	17.1
	3.574126
	0.20305
	0.025461
	

	17.4
	3.645046
	0.189599
	-0.03811
	

	17.8
	3.708792
	0.164127
	-0.03472
	

	18.1
	3.7546
	0.163601
	-0.00963
	

	18.5
	3.825244
	0.161205
	-0.00491
	

	18.8
	3.866361
	0.160819
	-0.01164
	

	19.1
	3.922379
	0.155292
	-0.02525
	

	19.5
	3.976742
	0.142293
	-0.03211
	

	19.8
	4.020895
	0.131538
	-0.02952
	

	20.1
	4.055389
	0.123811
	-0.01984
	

	20.5
	4.10782
	0.11756
	-0.0124
	

	21
	4.161355
	0.112928
	-0.00902
	

	21.5
	4.220133
	0.109415
	-0.00843
	

	22
	4.272288
	0.103345
	-0.00478
	

	22.5
	4.32058
	0.105322
	-0.00486
	

	23
	4.379634
	0.100631
	-0.01124
	

	23.5
	4.422683
	0.091111
	-0.0066
	

	24
	4.467663
	0.092766
	0.003219
	

	24.5
	4.515127
	0.097182
	0.002392
	

	25
	4.566455
	0.095664
	-0.00163
	

	25.5
	4.610607
	0.09387
	0.001709
	

	26
	4.659727
	0.096262
	0.010049
	

	26.5
	4.705259
	0.105046
	0.012901
	

	27
	4.765417
	0.111255
	0.006914
	

	27.5
	4.818124
	0.111301
	0.002476
	

	28
	4.875798
	0.112727
	0.003557
	

	28.5
	4.931541
	0.114015
	0.00985
	

	29
	4.988111
	0.121741
	0.020459
	

	29.5
	5.05296
	0.134343
	0.031735
	

	30
	5.120569
	0.154166
	0.040419
	

	30.5
	5.20777
	0.174724
	0.049879
	

	31
	5.293867
	0.202734
	0.065129
	

	31.5
	5.408112
	0.239344
	0.098297
	

	32
	5.535603
	0.286466
	0.201941
	

	32.2
	5.606523
	0.391352
	0.350511
	

	32.4
	5.703382
	0.442851
	0.389982
	

	32.6
	5.776786
	0.535912
	0.498195
	

	32.85
	5.941254
	0.666542
	0.657468
	

	33
	6.046944
	0.791674
	1.122946
	

	33.2
	6.22245
	0.997725
	2.538869
	

	33.4
	6.391334
	1.717005
	4.835046
	

	33.6
	6.894673
	2.909008
	7.054137
	

	33.8
	7.478866
	4.750652
	6.073417
	

	34
	8.853941
	5.793065
	-0.19064
	

	34.2
	9.955823
	4.756976
	-7.03275
	

	34.4
	10.8902
	2.426182
	-6.91568
	

	34.7
	11.15953
	0.91321
	-3.59199
	

	35
	11.31765
	0.421076
	-1.29882
	

	35.3
	11.40209
	0.255454
	-0.3784
	

	35.7
	11.48129
	0.211058
	-0.13888
	

	36.1
	11.57788
	0.164003
	-0.08509
	

	36.5
	11.60823
	0.13905
	-0.0502
	

	37
	11.69902
	0.127513
	-0.04926
	

	37.5
	11.74759
	0.085922
	-0.03659
	

	38.5
	11.82706
	0.064316
	-0.01553
	

	40
	11.91288
	0.049803
	-0.00761
	

	42
	12.00257
	0.039057
	-0.00481
	

	44
	12.06687
	0.031413
	-0.00359
	

	46
	12.1284
	0.025035
	-0.00302
	

	48
	12.16345
	0.019731
	-0.00274
	







Graph obtained from the data (Diewok, 2012)


Post Lab Analysis Questions

1. Write the balanced chemical equations for the reactions of the mono and diprotic acids with sodium hydroxide. Label the acid, base, conjugate acid, and conjugate base in each response.
The equation for the reaction between the Monoacid with NaOH solution
XY (aq) + NaOH (aq) → XOH (aq) + NaY (aq)
The equation for the reaction between the diprotic acid with NaOH solution
X2Y (aq) + 2NaOH (aq) → Na2Y (aq) + 2H2O (l)

2. Identify two sources of error in this experiment, which may have resulted in a difference between the experimental and accepted Ka value for the equilibrium acids.
The primary sources of error in this experiment, which could lead to the difference in the accepted Ka value and the experimental Ka value for the equilibrium acids are the errors made during the measurements of the masses and the mistakes made in the readings of the burette volumes (Pracht, 2018).



3. Suppose the Ka of hydrofluoric acid is 3.5 x 10-4. For what pH would this acid/conj. Base be a suitable buffer? Explain your answer.
If the pKa of the hydrofluoric acid is 3.5 x 10-4, then the PH of the solution will also be equal to 3.5 x 10-4 since, from the expression pH = pKa, the pH and pKa of a given acid are considered to be identical.
4. The molecular weights of the unknown acids are used.
a. The molecular weight of the monoacid used 


Equation of the reaction
XY (aq) + NaOH (aq) → XOH (aq) + NaY (aq)
Moles of the NaOH used 
Moles of the NaOH = 301000 x 0.100
Moles of the NaOH = 0.003 moles
Thus from a mole ratio of 1:1, the moles of the acid will be 
Moles of the monoacid = 0.003 moles
Mass of the monoacid is 20g; thus, the molar weight of the acid is
Molar weight = mass x moles 
Molar weight = 20 x 0.003
Molar weight = 0.06g (Daoud, 2014)
Thus the monoacid is Hydrochloric acid (Daoud, 2014)
b. The molecular weight of the diprotic acid used 
Equation of the reaction
X2Y (aq) + 2NaOH (aq) → Na2Y (aq) + 2H2O (l)

Moles of the NaOH used 
Moles of the NaOH = 301000 x 0.100
Moles of the NaOH = 0.003 moles
Thus the number of acid from the mole ratio become
Moles of the unknown diprotic acid = 0.003 ÷ 2
Moles of the unknown diprotic acid = 0.0015 moles 
Thus the molecular weight of the unknown diprotic acid = moles x mass of the acid
The molecular weight of the unknown diprotic acid = 0.0015 x 20
Thus the molecular weight of the unknown diprotic acid =. 0.03g
Thus the new diprotic acid is sulphuric acid.
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