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Introduction

If you are a pool owner, you know that you need to regularly test your water’s pH
level to ensure that it remains in between 7.2 and 7.8. A pH that is too high or too low,
might cause damage to the the equipment used inside the pool and cloud the water. In
order to determine if the pool water is too acidic or basic, people generally use pH
testing strips as indicators. These change colours according to the pH level of the pool.
In this lab we will be determining the amount of base required to neutralize an acid. The
use of a pH indicator, in this case phenolphthalein, will allow us to see almost exactly
how much base it takes for the neutralization to occur, since the solution will change
colour. If the indicator has carefully been selected, the equivalence point and end point
will be similar.

To begin, an acid is a substance which typically has a sour taste and when it is
considered to be strong, it is corrosive. A substance is only considered an acid if its pH
level is in between 0 and 7. According to the Arrhenius definition, acidic substances
tend to give away a H+ proton [1]. Similarly to the acids, bases are also corrosif when
the are deemed to be strong, however, they usually have a bitter taste and their pH
level is found in between 7 and 24. They are also OH- donors if you reference the same
definition[2].

The following are examples that demonstrates the behaviour of acidic and basic

substances dissolving in water, respectively.

[1] HNO3 -> H+ +NO3-
[2] NaOH -> Na+ + OH-

Arrhenius's definition has shown to have certain restrictions when some substances
were found to behave as a H+ donor, as well as an OH- donor simultaneously . This is
when the Bronsted-Lowry definition comes in handy. In depth, the acid’s primary

interpretation remains the same whereas the base is now define as a substance that



can accept H+ protons. Since this lab session uses solly hydrogen ions and hydroxide
ions, we will be bassing ourselves of of the Arrhenius definition.
Moreover, it is possible to calculate the concentration of an unknown acid or

base using the following equation.

Concentration = Amount of solute (acid or base)(mol)
Volume of Solution (L)

This concept will be important for the procedure of this experiment since we will be
diluting NaOH with distilled water. It is basically the same concept for both acids and
bases, if there is a smaller amount of water mixed with the substance, then its
concentration will be higher. If the amount of water is quite significant, the concentration
will not be as strong. On top of that, it will allow us to determine the concentration of the

unknown acids we will be working with.



Procedure

As described in lab manual (Acid/Base Titrations, By Dr. Rashmi, Exp. 4, Page 18-82).

Data Tables

Part 1: Standardizing Diluted NaOH solution, determining the concentration of NaOH

TRIALS

1

2

3

Volume of the acid inside the
solution in mL

(24.25-14.22)

(23.97-13.65)

(22.78-12.33)

(Initial volume inside buret - final =9.98 =10.65 =10.45mL
volume in buret)
Volume of base added to generate
a change in colour (mL) 11.2 12.1 14.79
Part 2: Determining the concentration of an unknown acid, #3
TRIALS 1 2 3

Volume of the acid inside the
solution in mL

(Initial volume inside buret - final
volume in buret)

(22.76-12.91)
=9.85

(21.55-12.53)
=9.02

(24.39-14.15)
=10.24

Volume of base added to generate
a change in colour (mL)

18.755

21.38

22.206
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Run 1 Rui Run 3 o Ru Run 5 Run & i
Volume pH Volume pH Volume pH WVolume pH Volume pH Volume pH
(mL) (mL) (mL) (mL) (mL) {mL)
2 0.075 235 0.075 2.38 0.075 2.46 0.075 2.76 0.075 2.72 0.075 2.69) (=
3 0.150 235 0.150 2.37 0.150 2.46 0.150 2.86 0.150 2.68 0.150 268 |

4 0.225 235 0.225| 2.37] 0.225 2.46 0.225] 2.88| 0.225 2.68| 0.225 2.68

5 0.300 2.35 0.300 2.38 0.300 2.45 0.300 2.86 0.300 2.68 0.300 2.68| (@
6 0.375] 2.35 0375 | 2.37] 0.375 2.45 0.375] 2.92| 0.375 2.67| 0.375 2.68
T 0.450 2.35 0.450 2.38 0.450 2.45 0.450 2.91 0.450 2.67 0.450 2.68
8 0.525 2.35 0.525 2.38 0.525 2.44 0.525 2.92 0.525 2.67 0.525 2.69
9 0.600 2.35 0.600 2.38 0.600 2.42 0.600 2.89 0.600 2.67 0.600 2.71
10 0.675 235 0.675 2.39 0.675 2.42 0.675 2.87 0.675 2.67 0.675 2.72
11 0.750 235 0.750 2.39 0.750 2.41 0.750 3.03 0.780 2.68 0.750 2.71
12 o 235 0.825 2.38 0.825 2.41 0.825 2.93 0.825 2.68 0.825 271
13 o 2.35 0.900 2.38 0.900 2.41 0.900 2.91 0.900 2.69 0.800 2.70
14 0 235 0.975| 2.39] 0.975 2.40 0.975| 2.98| 0.975 2.68| 0.975 2.69
15 1.0 235 1.050 2.40 1.050 2.41 1.050 2.96 1.050 2.68 1.050 2.70
16 1 2.35 1.125| 2.41] 1.125 2.40 1.125] 3.01] 1.125 2.68| 1.125 2.71

17 1.2 2.35 1.200 2.40 1.200 2.40 1.200 2.96 1.200 2.68 1.200 2.73| [
18 1 2.35 1.275 2.40 1.275 2.40 1.275 2.96 1.275 2.68 1.275 2.77
19 9 2.35 1.350 2.40 1.350 2.40 1.350 3.04 1:350 2.68 1.350 2.74
20 1 ol 1.425 2.42 1.425 2.40 1.425 2.97 1.425 2.69 1.425 2.73
21 1 2.35 1.500 2.41 1.500 2.41 1.500 3.03 1.500 2.69 1.500 2.73
22 1 235 1575 2.41 1.575 2.43 1.575 2.99 1.575 2.69 1.575 20
23 1 235 1.650 2.40 1.650 2.41 1.650 3.03 1.650 2.69 1.650 2.72
24 1.7 235 1.725| 2.40| 1.725 2.40 1.725] 3.08| 1.725 2.69| 1.725 2.73
25 1 2.35 1.800 2.40 1.800 2.41 1.800 3.07 1.800 2.69 1.800 275
26 1 235 1.875| 2.41| 1.875 2.41 1.875] 3.05] 1.875 2.69| 1.875 273
27 1 2.35 1.950 2.41 1.950 2.40 1.950 3.03 1.950 2.69 1.950 2.82
28 2 2.35 2.028 | 2.41] 2.026 2.40 2.0286 | 3.13| 2.026 269 2.026 2.77
29 2 2.36 2.101 2.41 2.101 2.41 2.101 211 2.101 2.69 2.101 2.75
30 2 2.35 2176 2.41 2.176 2.43 2176 3.06 2.176 2.70 2.176 2.74
31 2 235 2.251 2.41 2.251 2.43 2.251 3.09 2.251 2.70 2.251 3.05
32 2. 258 2.326 2.42 2.326 2.41 2.326 3.11 2.326 2.71 2.3286 277
33 2 2.35 2.401 2.41 2.401 2.42 2.401 3.08 2.401 2.70 2.401 2.76
34 2 2.36 2.476 2.43 2.476 2.42 2.476 3.08 2.476 2.70 2.476 2.77

2 Z 35 2 551 242 2 551 243 2,551 3 23 2 551 374 2 551 280 lix
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Run 1 Run 2 Run 3 i Run 4 Run 5 Run 6 T
Volume pH Volume pH Volume pH Volume pH Volume pH Volume pH
(mL) (mL) (mL) (mL)

35 2.35 2.551 2.42| 2.551 2.43 2.551 3.23| 277 2.551 2.80 |=
36 235 2.626 2.42 2.626 2.43 2.626 3.18 2.71 2.626 2.80
37 2.36 2.701 2.44 2.701 2.43 2.701 3235 2.71 2.701 275
38 2.36 2776 2.43 2.776 2.42 2776 3.22 2.71 2.T76 2.74
39 2.35 2.851 2.45| 2.851 2.41 2.851 3.16| 2.72| 2.851 2.80
40 2.35 2.926 2.44 2.926 2.43 2.926 3.34 2.74 2.926 2.76

a1 2.36 3.001 2.44 3.001 2.42 3.001 325 2.73 3.001 2.81| |0
42 3 2.36 3.078 2.44 3.078 2.43 3.076 327 2:73 3.0786 2.85
43 3 2.36 3.151 2.44 | 3.151 2.43 3.151 3.46| 2.03| 3.151 2.81
44 3 2.36 3.226 2.44 3.226 2.49 3.226 3.52 2.73 3.226 2.78
45 3. 2.36 3.301 2.45 3.301 2.43 3.301 3.55 2.73 3.301 27T
46 3. 2.36 3.376 2.44 3.3786 2.44 3.376 3.44 2:73 3.376 2.78
47 3 2.36 3.451 2.44 3.451 2.52 3.451 3.40] 2.74| 3.451 2.77
48 3 2.36 3.526 2.45 3.526 2.46 3.526 3.43 2.78 3.526 2.77
49 3 2.36 3.601 2.45 3.601 2.44 3.601 3.47 2.76 3.601 20T

— 50 3. 2.36 3.676 2.45 3.676 2.45 3.676 3.38 2.76 3.676 277 IN&
51 3 2.36 3.751 2.46 3.751 2.44 3.751 3.36 2.77 3.751 2.79
52 3 2.36 3.8286 2.47 3.826 2.45 3.826 3.58 27T 3.826 2.87
D 3 2.36 3.801 2.47 3.901 2.45 3.901 3.68 2.77 3.901 2.83
3. 2.36 3.976 2.46 3.976 2.45 3.976 3.81 2.77 3.976 2.81
4 2.36 4.051 2.46 4.051 2.45 4.051 3.86 2.79 4.051 2.82
2.36 4.126 2.46 4.1286 2.46 4.126 3.83 2.78 4.126 2.81
2.36 4.201 2.47 4.201 2.45 4.201 3.87 2.78 4.201 2.80
2.36 4.276 2.47 4.276 2.45 4.276 3.81 2.81 4.276 2.85
2.36 4.351 2.47 4.351 2.45 4.351 3.87 2.83 4.351 3.08
2.36 4.426 2.48 4.4286 2.45 4.426 3.87 2.80 4.4286 2.87
2.38 4.501 2.51) 4.501 2.46 4.501 4.00] 2.80| 4.501 2.82
2.36 4.576 2.50 4.576 2.47 4.576 3.98 2.81 4.576 2.86
2.56 4.651 2.84 4.651 2.48 4.651 4.05 2.81 4.651 2.85
2.56 4.726 2.50 4.7286 2.48 4.726 4.28 2.81 4.726 2.84
2.58 4.801 2.49| 4.801 2.48 4.801 4.37] 2.81) 4.801 2.87
2.56 4.876 2.50 4.876 2.48 4.876 4.42 2.81 4.876 2.89
2.56 4.951 2.49 4.951 2.49 4.951 4.43 2.81 4.951 2.90

. 2 58 5026 251 5026 248 5.026 451 283 5026 2.86 .J‘;J

=] ]
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Run 1 Run 2 Run 3 = Run 4 Run 5 Run 6 T
Volume pH Volume \ pH Volume ‘ pH Volume ‘ pH Volume pH Volume pH
(mL) (mL) (mL) (mL) (mL) {mL)
68 5.026| 2568| 5.026 2.51| 5.026 2.48 5.026 | 4.51] 5.026 2.83| 5.026 2.86 |=f
69 5.101 2.66 5.101 2.51 5.101 2.48 5.101 4.64 5 2.83 5.101 2.90
70 5.176 2.68 5176 2.50 5.176 2.48 5.176 4.63 5 2.84 5.176 2.87
71 5.251 2.68 5251 2.50 5.251 2.48 5.251 4.62| 5 2.85] 5.251 2.86
72 5.326 2.68 5.326 2.55 5.326 2.49 5.326 4.87 5 2.84 5.326 2.90
73 5.401 2.66 5.401 2.55 5.401 2.49 5.401 4.71 5.4 2.84 5.401 2.89
74 5.476| 2.65 5.476 2.56| 5.476 2.50 5.476 | 4.73| 5.4 2.85| 5.476 2.87
75 5.551 2.66 5.551 2.52 5.551 2.54 5.551 4.84 5. 2.86 5.551 2.86
76 5.626 2.68 5.626 2.54 5.626 2:53 5.626 4.91 5 2.87 5.626 3.12
T 5.701 2.80 5.701 2.54 5.701 2.52 5.701 4.98| 5 2.86 | 5.701 2.94 | |
78 5.776 2.89 5.776 2.53 5.776 2.52 5.776 4.99 5. 2.87 5.776 2.96
79 5 1 2.90 5.851 2.53 5.851 2.52 5.851 4.98 5 2.88 5.851 3.02
80 5926 298 5.926 254 5.926 252 5926 5.03 5 289 5.926 2.94
81 6.002 2.94 8.002 2.53 6.002 2.52 5.002 5.09 6. 2.89 6.002 2.92
82 6.077 3.38 6.077 253 6.077 2.52 6.077 512 5] 2.90 6.077 292
1 83 6.152 3.41 6.152 2.53 6.152 2.52 6.152 5.18 (5] 2.21] 6.152 2.91 L
84 6.227 3.09 8.227 2.54 6.227 2.53 6.227 5.24 6. 2.96 6.227 2.90
85 6.302 3.04 8.302 2.57 6.302 2.52 6.302 528 (5] 2.92 6.302 2.93
86 6.377) 315 6.377 2.55] 6.377 2.52 6.377 | 5.39| B 2.83| 6.377 2.93
87 6.452 3.17 8.452 257 6.452 2.53 6.452 5.36 6.4 2.93 | 6.452 2.93
88 6.527 3.10 6.527 2.56 6.527 2.54 6.527 5.38 5] 2.95 6.527 293
89 6.602 3.10 B8.602 2.55 6.602 2.55 6.602 5.40| (5] 2.99 | 6.602 2.93
90 6.677| 3.16 8.677 2.57| 6.677 2.57| 6.677| 5.39| B. 2.96 | 6.677 2.93
91 6.752 3.21 B8.752 2.60 6.752 2.54 6.752 5.38 (5] 2.98 6.752 2.99
92 6.827| 3.31 6.827 2.57| 6.827 2.53 6.827 | 5.41| B 2.98 | 6.827 2.99
93 6.902 3.32 8.902 2.56 6.902 2.53 6.902 5.42| 6. 3.00 6.902 3.7
94 6.977 3.38 B8.977 2.58 6.977 255 6.977 5.49 5] 2.99 6.977 3.03
95 7.052 3.36 7.052 257 7.052 2.56 7.052 5.50 7 2.98 | 7.052 2.99
96 FA27) 3.29 7.127 2.57| 727 2.55 TA27 | 5.52| . 2.99| TA2F 2.98
a7 7.202 3.3 7.202 2.58 7.202 2.55 7.202 5.56 T 3.02 7.202 3.01
98 T 28T 3.59 7.277 2.58| 7.277 2.56 T.277| 5.57 | 7 3.01] 7.277 3.00
99 T.352 3.48 7.352 261 7.352 2.57 7.352 5.61 T 3.03| T.352 2,99
100 7.427 3.57 7.427 2.61 7.427 2.59 7.427 5.62 T 3.08 7.427 3.40
ant] 7 507 . 348 7507 2 60 7.502 257 7507 562 T 305 7507 313 - ki
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Run 1 Run 2 Run 3 Run 4 Run 6
Volume pH Volume pH Volume pH WVolume pH pH Volume pH
1 (mL) (mL) (mL) (mL) {mL)
68 5.026 2.58 5.026 2.51 5.026 2.48 5.026 4.51 B 2.83 5.026 2.86| =
69 5.101 2.66 5.101 2.51 5.101 2.48 5.101 4.84 5 2.83 5.101 2.90
70 5 6 2.68 5.176 2.50 5.176 2.48 5176 4.63 &5 2.84 5.176 2.87
71 5 2.68 5.251 2.50 5.251 2.48 5.251 4.62 B 2.85 5.251 2.86
72 5. 2.68 5.326 2.55 5.326 2.49 5.326 4.67 5 2.84 5.326 2.90
73 5 2.66 5.401 2.55 5.401 2.49 5.401 4.71 5.4 2.84 5.401 2.89
74 5 2.65 5.476 2.56 5.4786 2.80 5.476 4.73 54 2.85 5.476 2.87
75 5 2.66 5.551 2.52 5.551 2.54 5.551 4.84 5 2.86 5.551 2.86
76 5 2.68 5.626 2.54 5.626 2:53 5.626 4.91 5 2.87 5.626 3.12
FT S 2.90 5.701 2.54 5.701 252 5.701 4.98 5 2.86 5.701 2.84 ||
78 5 2.89 5776 2.53 5.776 2:82 5776 4.99 & 2.87 5.776 2.96
79 5 2.90 5.851 2.53 5.851 2:52 5.851 4.98 5 2.88 5.851 3.02
80 5 2.98 5.926 2.54 5.926 252 5.926 5.03 5. 2.89 5.926 2.94
81 5] 2.94 6.002 2.53 6.002 2:52 6.002 5.09 (] 2.89 6.002 2.92
82 6 3.38 6.077 2.53 6.077 252 6.077 5.12 5] 2.90 6.077 2.92
i 83 5] 3.41 6.152 2.53 6.152 2.52 6.152 5.18 [5] 2.91 6.152 2.91 L
84 5] 3.09 6227 2.54| 6.227 253 6.227 | 5.24 5] 2.96 6.227 2.90
85 ] 3.04 6.302 2.57 6.302 2.52 6.302 5.28 =] 2.92 6.302 2.93 e
88 5] 3.5 6.377 2.55| 6.377 2.52 6.377 | 5.39 5] 2.93 6.377 2.93
87 5] 217 6.452 257 6.452 2.53 6.452 5.36 ] 293 6.452 2.93
88 ] 3.10 6.527 2.56| 6.527 2.54 6.527 | 5.38 5] 2.95 6.527 2.93
89 ] 3.10 6.602 2.55 6.602 2.55 6.602 5.40 ] 2.99 6.602 2.93
20 5] 3.16 6.677 2.57| 6.677 2.57] 6.677 | 5.39 5] 2.96 6.8677 2.93
o1 6 3.21 6.752 2.60 6.752 2.54 6.752 5.38 6 2.98 6.752 2.99
92 6 3.31 6.827 2.57| 6.827 2.53 6.827 | 5.41 5] 2.98 6.827 2.99
o3 6 3.32 6.902 2.56 6.902 2.53 6.902 5.42 6 3.00 6.902 3.17
94 6 3.38 6.977 2.58| 6.977 255 6.977 | 5.49 6 2.99 6.977 3.03
95 ¥ 3.36 7.052 2.57 7.052 2.56 7.052 5.50 T 2.98 7.052 2.99
26 ¥ 3.29 127 2.57 7127 P 7.127 5.52 ¥iq 2.99 7127 2.98
o7 T 3.3 7.202 2.58 7.202 2.55 7.202 5.56 T2 3.02 7.202 3.01
o8 4 3.59 7.277 2.58 7277 2.56 7.277 5.57 y 3.01 7.277 3.00
89 F £ 3.48 352 2.61 7.352 257 7.352 5.61 T 3.03 7.352 2.99 —
100 b4l 3.57 7.427 2.61 7.427 2.59 7.427 5.62 ¥ i 3.08 7.427 3.40
ant | 5 i . - 348 Z 507 260 7502 257 7.502 562 T 3 05 7 502 313 - lad
= 8] it
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Run 1 Run 2 Run 3 Run 4 Ru Run 6
YVolume pH Volume pH Volume pH Volume pH Volume pH Volume pH
{mL) (mL) {mL) (mL) (mL) {mL)
102 7.577 3.56 7.577 2.64| 7.577 2.57) T.577 5.65| L.57T 3.05 7.577| 3.19 (=
103 7.652 3.52 7.652 2.63 7.652 2.61 7.652 5.67 7.652 oL 1 7.652 3.24
104 7.72T 3.65 T.727 2.62| 7.727 2.60 T7.727 5.67) 7.727 3.08 T.727| 3.23
105 7.802 4.02 7.802 2.62 7.802 2.58 7.802 5.67| 7.802 3.08| 7.802 3.19
106 7.877 5.90 7.877 2.61 7.877 2.63 7.877 5.67 7.877 3. 15 7.877 3.14
107 7.952 592 7.952 2.63 7.952 2.66 7.952 5.68| 7.852 3.12| 7.952 3.14
108 8.027 5.94 8.027 2.83 8.027 2.63 8.027 5.69 3.12 8.027 3.10
109 8.102 5.98 8.102 2.62 8.102 2.63 8.102 5.69 3.13 8.102 3.13
110 8.177 10.30 8.177 2.65| 8.177 2.63 8.177 5.70| 17 3.14| 8.177| 3.33
111 B8.252 10.33 8.252 2.67 8.252 2.64 8.252 572 8.252 % § i 8.252 3.20
112 8.327 2.66 8.327 2.63 8.327 5.89 8.327 3. 17 8.327 3.19
113 8.402 2.67 8.402 2.62 8.402 5.88| 8.402 < % | 8.402 317
114 8.477 2.67 8.477 2.65 8.477 589 8.477 321 8.477 315
115 8.552 2.69 8.552 2.65 8.552 5.92 8.552 3.20 8.552 3.19 [
116 8.627 2.67| 8.627 2.66 8.627 5.94| 8.827 3.36 8.627 | 3.7
0117 8.702 2.77 8.702 2.66 8.702 5.91 8.702 3.44 8.702 319 (| o
118 B8.777 2.84 8.777 2.68 8.777 5.89 7 3.31 8.777 3.32
119 8.852 2 8.852 2.67 8.852 5.90| 3.35 8.852 3.38 &
120 8.927 2.71 8.927 2.66 8.927 5.89 9. 37 8.927 3.40 ]
121 9.002 2.69 9.002 2.68 9.002 5.95| 3.37 9.002 3.36
122 9.077 2.71| 9.077 2.68 9.077 5.97| .36 9.077| 3.29
123 9.152 2.81 9.152 2.68 9.152 5.97 3.40 9.152 3.46
124 9.227 2.71) 9.227 2.68 9.227 5.85| 3.39 9.227| 3.37
125 9.302 2.80 9.302 2.69 9.302 5.99 3.52 9.302 3.33
126 9.377 2.72 9.377 2.76 9.377 6.01 355 9.377 3.42
127 9.452 2.76 9.452 2.7 9.452 6.02 3.50 9.452 3.40
128 9.527 2.75 9.527 2.71 9.527 6.02 3.55 9.527 3.50
129 9.602 2.79 9.602 2.68 9.602 6.01 355 9.602 3.43
130 9677 2.78| 9677 267 9677 6.03| 361 9.677| 3.40
131 9.752 27T 9.752 2.72 9.752 6.05 3.73 9.752 3.82
132 9.827 2.76 9.827 2:70 9.827 6.05 3.91 9.827 3.65
133 9.802 2.78 9.902 2.69 9.902 6.05| 4.01 9.902 3.58 o
1 9.977 2.7 9.977 2.69 9.977 6.05 3.97 9.977 3.67
LT g | 10 053 28 10.053 270 10053 611 395 10 05, 363 = it
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Run 1 Run 2 Run 3 Run 4 Run 6
Volume pH Volume pH Volume pH Volume pH pH Volume pH
(mL) (mL) (mL) (mL) (mL)
135 10.053 | 2.82| 10.053 2.70 10.053 | 6.11] 3.95  10.053 363 |=
136 10.128 2.81 10.128 272 10.128 6.1 4.04 10.128 3.66
137 10.203 2.86 10.203 2.76 10.203 6.11 4.11 10.203 3l
138 10.278 | 2.84 10.278 2.76 10.278 6.11] 4.17 | 10.278 3.74
139 10.353 2.83 10.353 217 10.353 6.18 4.25 10.353 3.76
140 10.428 | 2.86 10.428 2.81 10.428 6.20/ 431 10.428 3.78
141 10.503 3.07 10.503 2.79 10.503 6.23 4.54 10.503 377
142 10.578 | 2.90 10.578 2.95 10.578 6.22| 4.59 | 10.578 3.81
143 10.653 2.89 10.653 2.87 10.653 6.30 4.65 10.653 3.88
1 10.728 292 10.728 2.84 10.728 6.26 4.70 10.728 3.97
145 10.803 | 291 10803 3186 10.803 | 653 474 10803 4.09
146 10.878 2.96 10.878 3.01 10.878 6.51 4.82 10.878 4.15
147 10.953 | 296  10.953 2.98 10.953 | 6.41 486  10.953 4.18
148 11.028 3.05 11.028 2.96 11.028 6.34 4,92 11.028 4.30
149 11.103| 3.05) 11103 2.96 11.103] 6.34| 495  11.103 4.37
150 11.178 2.99 11.178 2.94 11.178 6.33 4.98 11.178 4.49 |
151 11:253 2.98 11.253 2.92 11.253 6.34 5.02 11.2563 4.58 (]
152 11.328| 3.29 11.328 2.97 11.328 8.33 505/ 11.328 4.70
153 11.403 3.19 11.403 2.86 11.403 6.32 5.08 11.403 4.76
154 11.478 3.25 11.478 2.96 11.478 6.32| 512 11.478 4.82
155 11.553 3.05 11.553 2.96 11.553 6.34 517 11.553 4.85
156 11.628 3.06 11.628 2.96 11.628 6.34| 5.19] 11.628 4.94
157 11.703 3.07 11.703 2.96 11.703 6.35 5.22 11.703 4.98
158 11.778 3.1 11.778 3.36 11.778 6.36 11.77 5.28 11.778 5.01
159 11.853| 3.07| 11.853 3.18 11.853] 6.36| 11.853 5.30] 11.853 5.03
160 11.928 3.13 11.928 3.05 11.928 6.47 11.928 533 11.928 5.04
161 12.003| 3.08| 12.003 3.00 12.003 | 6.45| 12.003 5.35| 12.003 5.07
162 12.078 3.15 12.078 2.96 12.078 6.44 12.078 2.3 12.078 5.1
163 12.153| 3.38| 12.153] 2.98 12.153| 6.45| 12.153 541 12.153 5.15
1 12.228 3.45 12.228 3.03 12.228 6.44 12.228 5.42 12.228 5147
165 12.303 3.55 12.303 3.06 12.303 6.45 12.303 5.43 12.303 5.27
166 12.378| 3.39 12.378 | 3.05 12.378 6.46 | 12.378 5.46 | 12.378 5.31
167 12.453 3.60 12.453 3.01 12.453 6.47 12.453 5.49 12.453 5.34
18R 1 ROB | 3.65 12 528 346 12 598 647 12 598 B BI 12 5981 535 |
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Run 1 Run 2 Run 3 Run 4 Run 5 Run 8 |
Volume pH Volume pH Volume pH Volume pH Volume pH Volume pH
(mL) (mL) {mL) (mL) {mL)
169 12.603 | 3.51] 12.603 3.22 12.603 | 6.54| 5.57 | 12.603 5.38 (=
170 12.678 3.38 12.678 3.11 12.678 6.55 5.60 12.678 5.41
171 12.753 3.91 12.753 3.22 12.753 6.56 5.61 12.753 5.43
172 12.828 3.71 12.828 322 12.828 671 5.65 12.828 5.45
173 12.903 346 12903 3.18 12.903 | 6.73| 565 12903 5.45
174 12.978| 3.51 12978 3.30 12.978 6.71] 566 12978 545
175 13.053 3.55 13.053 3.68 13.053 6.68 5.66 13.053 5.47
176 13.128 3.69 13.128 3.45 13.128 6.66 5.68 13.128 5.49
177 13.203 | 374/  13.203 341 13.203| 6.65| 571 13.203 5.51
178 13.278] 3.90| 13.278 3.45 13.278 6.64| 572 13.278 553
179 13.353 3.80 13.353 3.46 13.353 6.75 5.72 13.353 5.57
180 13.428 3.83 13.428 3.83 13.428 6.82 575 13.428 5.60
181 13.503 | 4.20/  13.503 3.76 13.503| 6.93| 580  13.503 5.61
182 13.578 | 4.44 | 13.578 375 13.578 6.89| 13.578 579 13.578 5.61
183 13.653 4.87 13.653 3.62 13.653 6.90 13.853 5.78 13.653 5.62
184 13.728 5.09 13.728 3.83 13.728 6.88 13.728 b0 13.728 563 [ &
185 13.803 5.44 13.803 3.65 13.803 6.87 13.803 5.79 13.803 5.64
186 13.878 | 5.51| 13.878 3.75 13.878 6.93 13.878 580 13.878 5.65 s
187 13.953| 562  13.953 3.89 13.953| 692 13953 580  13.953 571 |
188 14.029 5.80 14.029 4.06 14.029 6.96 14.029 5.81 14.029 5.74 | =
189 14.104 6.35 14.104 4.24 14.104 6.92 14.104 5.84 14.104 5.73
190 14.179] 6.61  14.179 452 14.179| 690 14179 585 14179 5.74
191 14.254 | 6.82| 14.254 5.38 14.254 | 6.87] 14 586 14.254] 575
192 14.329 8.95 14.329 5.82 14.329 6.85 5.88 14.329 5.77
193 14.404 7.19 14.404 5.91 14.404 6.85 5.2 14.404 5.78
194 14.479 7.32]  14.479 6.29 14.479 | 6.84| 6.01  14.479 5.79
195 14.554 | 7.40|  14.554 7.00 14.554 | 6.86| 594| 14.554] 5.82
196 14.629 7.53 14.629 7.18 14.629 6.89 5.84 14.629 5.88
197 14.704 7.69 14.704 7.31 14.704 6.95 5.95 14.704 5.88
198 14.779 7.77 14.779 7.53 14.779 6.95 5.96 14.779 5.88
199 14.854 | 818 14854 7.74 14.854 | 6.99| 5097  14.854] 5.88
200 14.929 8.31 14.929 7.91 14.929 7.08 6.02 14.929 5.88 -
201 15.004 8.52 15.004 8.01 15.004 .13 6.02 15.004 5.89
i 15 079 8731 15079 836 15 079 7291 605 15 079 590
— | Ll
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NS =P - =»PEBARQA X5 AL ME [
Mo device connected
Run 1 Run 2 Run 3 o Run 4 Run 5 Run 6 9
Volume pH Volume pH Volume pH Volume pH Volume pH Volume pH
{mL) (mL) (mL) (mL) (mL}) {mL)
200 14.929 8.31 14.929 7.91 14.929 7.08 14.929 6.02 14.929 5.88/ [=l
201 15.004 8.52 15.004 8.01 15.004 7.13 15.004 6.02 15.004 5.89
202 15.079 8.73 15.079 8.36 15.079 7.21 15.079 6.05 15.079 5.90
203 15.154 8.87| 15.154 8.87 15.154 7.26| 15.154 6.06 15154 5.93
204 15.229 9.03| 15.229 9.04 15.229 7.28| 15.229 6.07 | 15.229] 5.94
205 15.304 9.21 15.304 9.11 15.304 7.27 15.304 6.07 15.304 5.95
206 15.379 9.35 15.379 9.18 15.379 7.26 15.379 6.09 15.379 5.95
207 15.454 9.47 15.454 9.25 15.454 7.25 15.454 8.09 15.454 5.97
208 15.529 9.62| 15.529 9.50 15.529 7.26| 15.529 6.11] 15.529 | 5.99
209 15.604 9.74 15.604 9.58 15.604 7.28 15.604 6.11 15.604 6.00
210 15.679 9.97 15.679 9.64 15.679 7.35 16.679 6.11 15.679 6.11
211 15.754 10.27 15.754 9.68 15.754 7.40 15.754 6.17 15754 6.14
212 15.829 10.41 15.829 9.73 15.829 7.44 15.829 617 15.829 6.12
213 15.904 10.50| 15.904 9.83 15.904 7.47 | 15.904 6.17 | 15.904 6.11
214 15.979 10.56 15.979 9.88 15.979 7.49 16.979 6.20 15.979 6.09
215 16.054 10.81 16.054 9.93 16.054 7.52 16.054 6.24 16.054 8.09 ||
216 16.129 10.71 16.129 10.36 16.129 7.59 16.129 6.23 16.129 6.09
217 16.204 10.77| 16.204 10.46 16.204 7.65| 16.204 6.22 | 16.204 6.10
218 16.279 10.85 16.279 10.48 16.279 777 16.279 6.22 16.279 6.11
219 16.354 10.80 16.354 10.50 16.354 7.87 16.354 6.24 16.354 6.11
220 16.429 10.95 16.429 10.52 16.429 8.01 16.429 6.25 16.429 6.12
221 16.504 10.54 16.504 8.07 16.504 6.30 16.504 6.12
222 16.579 11.00 16.579 8.24 | 16.579 6.30| 16.579 | 6.12| =
223 16.654 113 16.654 8.39 16.654 6.31 16.654 6.14
224 16.729 11.19 16.729 8.48 16.729 6.32 16.729 6.16
225 16.804 .22 16.804 8.62 16.804 6.32 16.804 6.20
226 16.879 11.25 16.879 8.72| 16.879 6.32] 16.879 | 6.22
227 16.954 11.27 16.954 8.84| 16.954 6.34 | 16.954 6.21
228 17.029 11.28 17.029 8.98 17.029 6.37 17.029 6.21
229 17.104 11.29 17.104 9.07 17.104 6.43 17.104 6.21
230 17.179 11.32 17.179 9.15 17.179 6.44 17.179 6.26
231 17.254 11.32 17.254 9.27 | 17.254 6.41 | 17.254 6.34
232 17 379 11 33 17 329 9 36 17 379 6 43 17 329 6 33
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Run 1 Run 2 Run 3 Run 4 Run 5 Run & i
Volume “Volume pH Volume pH | Volume pH WVolume pH Yolum pH
(mL) (mL) (mL) (mL) (mL) (mL)

2 17.254 11.32 17.254 9.27 17.254 6.41 17.254 6.34
232 17.329 11.33 17.329 9.36 17.329 6.43 17.329 6.33|
233 17.404 11.36 17.404 9.61 17.404 6.42 17.404 6.34
234 17.479 9.79 17.479 6.43 17.479 6.34
235 17.554 9.91 17.554 6.43 17.554 6.33
236 17.629 10.02 17.629 6. 44 17.629 6.34
237 17.704 10.17 17.704 6.45 17.704 6.34|
238 17.779 10.37 17.779 6.46 17.779 6.34
239 17.854 10.46 17.854 6.48 17.854 6.34
240 17.929 10.52 17.929 6.49 17.929 6.36
241 18.005 10.56 18.005 6.55 18.005 6.36
242 | 18.080 10.62 18.080 6.60 18.080 6.42
243 18.155 10.85 18.155 6.62 18.155 6.44
244 18.230 10.69 18.230 8860 18.230 6.44
245 18.305 10.72 18.305 6.59 18.305 8.43
1246 18.380 10.79 18.380 6.60 18.380 6.45| |
247 18.455 10.82 18.455 6.60 18.455 6.46 g
248 18.530 10.89 18.530 6.61 18.530 6.46
249 18.605 10.92 18.605 6.62 18.605 8.47
250 18.680 10.83 18.680 6.64 18.680 5.47
251 18.755 10.96 18.755 6.865 18.755 6.48
252 18.830 10.96 18.830 6.72 18.830 6.49
253 18.905 10.99 18.905 6.79 18.805 8.50
254 18.980 6.82 18.980 6.51
255 19.055 6.83 19.055 6.51
256 19.130 6.82 19.130 6.62|
257 19.205 6.80 19.205 6.62|
258 18.280 6.85 19.280 6.62
259 19.355 6.89 19.355 6.61
26C 19.430 6.94 19.430 6.62
261 19.505 7.00 19.505 8.65
262 19.580 6.98 19.580 6.66 —
= igo5 181 iaer 2% L
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No device connected.

Run 1 Run 2 Run 3 il Run 4 Run 5 Run 6 i B
Wolume “Wolume pH Volume pH Volume pH Volume pH Volume
(mL) (mL) (mL) (mL) (mL) (mL)

264 19.730 7.02 19.730 6.67

265 19.805 7.01 19.805 6.68

266 19.880 7.01 19.880 671

267 19.855 7.02 19.955 671

268 20.030 7.05 20.030 6.73|

269 20.105 7.08 20.105 6.74

2 20.180 7.08 20.180 6.77

S7 20 255 7.09 20.255 6.78

272 20.330 7.12 20.330 6.79 |

273 20.405 T 17 20.405 6.80|

274 20.480 7.19 20.480 6.82

27! 20.555 7.20 20.555 6.83

27¢ 20.630 223 20.630 6.94

277 20.705 7.26 20.705 6.95

278 20.780 7.36 20.780 6.96

1279 20.855 7.43 20.855 6.97| || &
280 20.830 7.47 20.930 6.97 | k
281 21.005 7.53 21.005 6.97

282 21.080 7.57 21.080 6.99

283 21.155 7.65 21.155 701

284 21.230 78 21.230 7.:03|

28¢ 21.305 7.90 21.305 7.05

_28¢ 21.380 7.98 21.380 7.07

28 21.455 8.04 21.455 7.09|

288 21.530 8.11 21.530 7.11

289 21.605 8.20 21.605 7.16

290 21.680 8.30 21.680 7.19

29 21.755 8.42 21.755 7.26

292 21.830 8.69 21.830 7.38

293 21.905 8.82 21.905 7.40

294 21.980 8.04 21.980 7.43

295 22.056 9.17 22.056 7.49 —~

296 22131 9.29 22 131 7.52

2a7 | 06 940 22206 rd “ﬂuﬂ
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1 Run 2 Run 3 i Run 4 Run 5 Run 6 [
Volume Volume pH Velume_l— pH Volume pH Volume pH Volume pH
(mL) (mL) (mL) (mL) (mL) (mL)
297 22.206 9.40 22.206 7.54
298 22.281 9.52 22.281 7.58
299 22.356 9.60 22.356 7.73
300 22.431 9.69 22.431 7.86
301 22.506 9.78 22.506 7.93
302 22.581 9.87 22.581 8.01
303 22 656 9.97 22.656 8.05
304 22.731 10.13 22.731 8.13
305 22.806 10.24 22.806 8.23
306 22.881 10.33 22.881 8.32
307 22.956 10.41 22.956 8.40
308 23.031 10.54 23.031 8.49
309 23.106 10.63 23.106 8.58
310 23.181 10.68 23.181 8.67
= 23.256 10.74 23.256 8.80
1312 23.331 10.79 23.331 8.90 | ¢
F 1 23.406 10.82 23.406 9.07
314 23.481 10.84 23.481 9.19 | |
315 23.556 10.85 23.556 9.32
= 23.631 10.89 23.631 9.43
BT 23.706 10.91 23.706 9.56
318 23.781 10.96 23.781 9.68
319 23.856 10.98 23.856 9.80
320 23.931 10.97 23.931 9.93
321 24.006 10.02
322 24.081 10.11
323 24.156 10.22
324 24.231 10.39
825 24.306 10.47
326 24.381 10.59
327 24.456 10.65
328 24.531 10.71
329 24.606 10.74
220 54 681 1077
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= - — - Ty — ¥ . o
Run 1 Run2 Run 3 ; Run 4 Run5 Run 6 T
Volume “Volume pH Volume pH Volume pH Volume pH Volume PH
(mL) (mL) (mL) (mL) (mL) (mlL)
| | 23.406 10.82 23.408 9.07
23.481 10.84 23.481 9.19|
23.556 10.85 23.556 9.32
23.631 10.89 23.631 9.43
23.706 10.91 23.708 9.56
23.781 10.96 23.781 9.68 |
23.856 10.98 23.856 9.80
23.931 10.97 23.931 9.93
24.006 10.02
24.081 10.11
24.158 10.22
24.231 10.39|
24.308 10.47
24.381 10.59|
24.458 10.65
24.531 10.71| || E
24.608 10.74
24.681 10.77|
24.756 10.81
24.831 10.84
24.908 10.86 |
24.981 10.89
25.058 10.92 |
25.131 10.94
25.208 11.01
25.281 11.04
25.3586 11.06
25.431 11.06
25.506 11.07
25.581 11.07
25.656 11.12|
25.731 11.15]




Observations

Trial 1: After adding the indicator, the Phenolphthalein, to the acid, HCI, nothing

changes, thus the solution remains clear and transparent. The same result was
produced out of the mixture of NaOH and the distilled water. After adding 11.20 mL of

the base to the acidic solution, the liquid turned dark pink and remained transparent.

Trial 2: After adding the indicator, the Phenolphthalein, to the acid, HCI, nothing
changes, thus the solution remains clear and transparent. The same result was
produced out of the mixture of NaOH and the distilled water. After adding 12.10 mL of

the base to the acidic solution, the liquid turned dark pink and remained transparent.

Trial 3: After adding the indicator, the Phenolphthalein, to the acid, HCI, nothing

changes, thus the solution remains clear and transparent. The same result was
produced out of the mixture of NaOH and the distilled water. After adding 14.79 mL of

the base to the acidic solution, the liquid turned dark pink and remained transparent.

Part 2:

Trial 1: By adding the indicator, the Phenolphthalein, to acid #3, nothing changes, thus

the solution remains clear and transparent. The same result was produced out of the
mixture of NaOH and the distilled water. After adding 18.755 mL of the base to the

acidic solution, the liquid turned dark pink and remained transparent.



Trial 2: By adding the indicator, the Phenolphthalein, to acid #3, nothing changes, thus
the solution remains clear and transparent. The same result was produced out of the
mixture of NaOH and the distilled water. After adding 21.38 mL of the base to the acidic

solution, the liquid turned dark pink and remained transparent.

Trial 3: By adding the indicator, the Phenolphthalein, to acid #3, nothing changes, thus
the solution remains clear and transparent. The same result was produced out of the
mixture of NaOH and the distilled water. After adding 22.206 mL of the base to the

acidic solution, the liquid turned dark pink and remained transparent.

Calculations

1. Determining the initial concentration of the NaOH

C2(0.2441L)=(6M)*(0.0041L)
C2=0.1008M

2. Finding the bases concentration, CbaseVbase=CacidVacid

Part 1

Trial 1: Cbase = 0.100*9.98 = 0.0891 M
11.2

Trial 2: Cbase = 0.100*10.65 = 0.880 M
121

Trial 3: Cbase = 0.100*10.45 = 0.0706 M
14.79

Average: 0.0891+0.880+0.0706 = 0.346 M
3

*Please refer to the graphs in Appendix A*



3. Finding the concentration for acid #3, Cbase*Vbase= b/a Cacid*Vacid

Part 2
Trial 1: Cacid = 0.346*18.755 =1.312 M
0.5*9.85

Trial 2: Cacid =.0.346*21.38 = 1.640 M
0.59.02

Trial 3: Cacid = 0.346*22.206 = 1.501 M
0.5*10.24

Average = 1.312+1.640+1.501 = 1.484 M

3

*Please refer to the graphs in Appendix A*
Discussion

When producing the mixture of NaOH with distilled water, the volume of
concentrated NaOH used does matter. In depth, if we add a significant amount of the
base to the distilled water, the solution will contain a higher concentration of NaOH
whereas if we do not add as much, the solution will be less concentrated in NaOH. This
can have an effect on the amount of drops needed to find the equivalence and end point
of the acidic solution. If it is highly concentrated, it will take less drops to obtain our goal
and if it less concentrated it will take more. Next, it is better to take record the
concentration of the NaOH moments before conducting the experiment since it is a very
dense substance. Hence, a precise measurement of the concentration can improve the
results significantly. In the graph, pH vs. Volume - Trial 1, with the calculated column, it
is very easy to see that the drop counter was not functioning at the time we started
adding the base solution to the acid. This is why the results for this one were not as
precise. On top of that, Many other source of errors could have affected the outcome of
this experiment such as, miscalculations, not well calibrating the drop counter and lack
of precise measurements. There is also possibility that the beakers were not properly

clean which means other substances could’ve contaminated our own.



Conclusion
In conclusion, the concentration of the NaOH is 0.346 M and the concentration of the

unknown acid, #3, is 1.484 M.
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pH vs Volume - Trial 3
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Statistics for: Run 3 | Caleulated Celumn
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mean: 1.211 median 0 5751

std. dev: 1.768 samples: 76

Dy 8.038

pH Calculated Column

1 (8.18, 0.84) (Ax:5.72 Ay:2.00) Volume (mL)

[ pH vs Volume - Trial 4

Ll

Statistics for- Run 4 | Caleulated Column
min: -0.7438 al 10.95 max: 2.487 at 17 40
mean: 0.5139 median: 0 2846

g std. dev: 0.6582 samples: 119

Ay 3230

pH Calculated Column

1 (8.58, 1.34) (Ax:8.94 Ay:0.40) Volume (mL)




pH vs Volume - Trial 5
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